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HOW  TO  BUILD 
AMERICA'S  #1 
PEAK  FLOW  METER 
IN  10  EASY  STEPS 
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1       Nurture  a  drive  to 
«   constantly  be  better 

We  started  out  competing  against 
other  peak  flow  meters.  Now  that  we're 
the  leader,  we  compete  against  our- 
selves. In  the  last  two  years  alone,  we've 
made  more  than  10  separate  product 
improvements. ..with  more  still 
on  the  drawing  boards. 

2     Develop  a  patented  design 
•  ASSESS"  and  ASSESS  Low  Range 
use  a  unique  flow-sampling  technology 
that  minimizes  wear  and  delivers  superior 
accuracy,  reproducibility,  and  consistency. 
How  consistent?  After  two  years  of  simu- 
lated daily  use,  a  recent  independent 
research  study  found  no  more  than 
Ho  variability.' 

Engineer  it  without 
0  compromise 

Everything  about  ASSESS 
from  its  easy-to-use 
design... to  its  easy-to-read 
scale... to  its  transparent 
construction  that 
encourages  regular 
cleaning... to  its 
virtually  indestructible 
polycarbonate  body— is 
designed  to  make  it  work 
better  and  last  longer. 

Test  eveiy  unit 

'•  Spot-checking  is  the  norm  in 
manufacturing  quality  control.  Not 
at  HealthScan.  No  unit  leaves  our  plant 
without  being  tested  at  both  the  high  and 
low  ends  of  the  scale.  (Plus,  every  hour 
we  select  ten  random  samples  for  even 
more  rigorous  statistical  quality  control.) 

5     Put  it  to  the  test 
0  in  the  laboratory 

Recently,  researchers  at  Montefiore 
Medical  Center  measured  ASSESS 
against  our  leading  competitor.  Their 
findings?  The  accuracy  of  the  other  prod- 
uct deteriorated  after  only  two  months 
of  simulated  use.  But  ASSESS  kept  on 
dehvering  consistently  accurate  readings.^ 


6     Put  it  to  the  test 
«  in  clinical  practice 

Lab  results  like  this  say  a  lot 
about  ASSESS.  Our  clinical  accept- 
ance says  even  more.  Nine  out  of  every 
ten  peak  flow  meters  used  in  hospitals 
are  ASSESS.'  Why?  Read  on. 

7     Support  physicians 
►     Physicians  know  they  can  count 
on  us,  not  just  for  a  superior  product 
but  for  superior  service  — including 
extensive  patient  education  materials, 
a  dedicated  professional  services 
department,  and  the  only  comprehensive 
peak  flow  monitoring  system. 
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Support  patients 
and  their  families 


We  don't  have  to  donate  hundreds 
of  units  every  year  to  asthma  camps 
across  America.  Or  back  ASSESS  with 
an  unlimited  one-year  warranty.  Or  make 
a  special  Braille  unit  for  bUnd  patients. 
Or  provide  patient  instructions  in  other 
languages.  We  just  figure  it's  the 
responsibility  of  a  leader. 
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Invite  criticism 

•    With  all  these  efforts,  you  might 
think  we'd  hate  to  hear  complaints  about 
ASSESS.  Just  the  opposite.  Frank  feed- 
back from  physicians  and  patients  only 
helps  us  make  ASSESS  better.  Which  is 
why  we  encourage  that  feedback  with  a 
toll-free  telephone  hotline. 

^^\     Go  back  to  step  1 

!%#•  We're  proud  of  our  leadership... 
but  we're  not  satisfied.  So  we'll  keep 
on  making  improvements.  We  expect  more 
of  ASSESS.  You  should  too. 

For  more  information  —  or  to  order 
ASSESS  for  vour  practice— call  toll-free 
1-800-962-1266. 
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Peak  Flow 
Meter 


STANDARD  RANGE 

60  to  880  L;min 


LOW  RANGE 

30  to  390  Lmin 


Setting  the  standard  for  peak  flow  monitoring. 
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New  from  Ciba  Corning... 
270  CO-oximeter 

Lighting  the  way  to  reliability  in  critical  care— 

Superior  optics  module 

•  Measuring  system  has  no  moving  parts  so  breakdown  is 
avoided 

•  New  lamp  means  long  life,  low  replacement  cost, 
and  nonhazardous  disposal 

Clinical  accuracy  and  precision 

•  Advanced  optical  technology  ensures  accuracy  and 
precision  even  in  the  presence  of  interferents  such  as 
sulfhemoglobin  and  HbF 

Small  sample  size 

•  Sample  volume  size  of  100/35  jxL  allows 

neonate  testing 

On-board  QC  program  addresses 
CLIA  requirements 

•  Automatically  stores  QC  and  calculates  mean  and 
standard  deviation 

•  Built-in  printer  provides  hard  copies  of  reports  required 
by  CLIA 

Call  your  Ciba  Corning  Account  Representative  today 
at  1-800-255-3232. 


CO-oxime 


Patents  pending 

C  1992.  Ciba  Corning  Diagnostics  Corp.    All  nghts  reserved 
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Editorials,  Statements,  and  Reviews  To  Note 


The  Guillain-Barre  Syndrome  (review) — AH  Ropper.  N  Engl  J  Med   1992:326: 

1130. 

Cyclosporin     in     Chronic     Severe     Asthma     (editorial) — Anonymous.     Lancet 
1992:339:33S.  (See  related  paper  by  Alexander  et  al  below.) 

Inhaled  Glucocorticoid  Therapy  in  Children:  How  Much  Is  Safe?  (editorial) — 
AK  Kamada.  DP  Parks.  SJ  Szetler.  Pediatr  Pulmonol  1992:12:71-72.  (See  related 

paper  b\  Phillip  et  al  below.) 

Retinopathy  of  Prematurity  (editorial).  DL  Phelps.  N  Engl  J  Med  1992:326:1078. 

(.See  related  paper  by  Fl\  nn  el  al  abstracted  on  Page  497.  i 


Integrated  Plasma  Cortisol  Con- 
centration in  Children  with 
Asthma  Receiving  Long-Term 
Inhaled  Corticosteroids — M  Phil- 
lip. M  A\irain.  E  Leiberman.  Z 
Zadik,  Y  Giat.  J  Levy,  et  al.  Pediatr 
Pulmonol  1992:12:84. 

We  assessed  the  effect  of  long-term 
therapy  with  inhaled  beclomethasone 
dipropionate  (BDP)  on  the  pituitary- 
adrenal  a.xis.  by  measuring  the  inte- 
grated concentration  (IC)  of  plasma 
Cortisol  in  8  children  with  asthma 
(age  6-16  y)  who  regularly  used 
inhaled  BDP  in  doses  ranging  from  8 
to  26.5  ug/kg  (200-450  //g/day)  for  6 
months  to  4  years.  The  control  group 
included  6  chldren  (age  6-16  y)  who 
had  the  IC  of  plasma  Cortisol  meas- 
ured as  part  of  an  endocrinological 
evaluation  and  were  found  to  be 
healthy.  Cortisol  concentration  was 
measured  in  blood  samples  collected 
continuously  over  a  24-h  period. 
Mean  IC  of  plasma  Cortisol  in  the 
stud\  group  was  significantl>  lower 
than  in  the  healthy  controls 
(mean  ±  SD.  4.9  ±  3.3  vs  9.1  ±  1.9 
/ig/mL:  p  <  0.02).  Cortisol  response 


to  0.25  mg  .ACTH  (iv)  was  abnormal 
in  1  of  the  8  BDP-treated  patients. 
No  correlation  was  found  between 
IC  of  plasma  Cortisol  and  the  BDP 
dose,  severity  of  asthma,  height  per- 
centile, or  the  Tanner  stage.  We  con- 
clude that  long-term  therapy,  even 
with  relatively  ciMuentional  doses  of 
inhaled  BDP  may  cause  reduction  in 
the  normal  physiological  secretion  or 
Cortisol.  The  clinical  relevance  of 
low  IC  of  plasma  Cortisol  is  not 
clear,  but  it  may  reflect  partial  sup- 
pression (if  the  piluilarv -adrenal  axis. 

Trial  of  Cyclosporin  in  Corticoster- 
oid-I)epcndent  Chronic  .Severe  .\sth- 
ma-A   Alexander.    NC   Barnes.   AB 

Kay.  Lancet  1992:339:324. 

The  treatment  of  chronic  severe 
asthma  is  unsatisfactory  tor  man> 
patients.  In  a  randomised,  double- 
blind,  placebo-controlled,  crossover 
trial  we  have  tested  whether  cyclo- 
sporin, which  is  thought  to  act  pri- 
inarily  by  inhibition  of  T  lymphocyte 
activation  improves  lung  function  in 
corticosteroid-dependent   asthmatics. 


After  a  4-week  run-in  period,  33 
patients  with  long-standing  asthma 
(mean  duration  27  years),  and  who 
had  required  continuous  oral  cortico- 
steroids for  a  mean  of  9.3  years, 
were  randomised  to  receive  either 
cyclosporin  (initial  dose  5  mg/kg/ 
day)  or  placebo  for  12  weeks,  cross- 
ing o\er  after  a  2-week  washout 
period.  Mean  baseline  forced  expir- 
atorv  volume  in  1  s  (FEV,)  was 
60. I've  of  the  predicted  value.  2 
patients  failed  to  complete  the  proto- 
col and  1  withdrew  because  of  hyper- 
trichosis. Cyclosporin  therapy  result- 
ed in  a  mean  increase  above  placebo 
of  I2.0''f  in  morning  peak  expiratory 
now  rate  (PEER,  p  <  0.004)  and 
n.69c  in  FEV,  (p  <  0.001 ).  The  fre- 
quency of  disease  exacerbations  re- 
quiring an  increased  prednisolone 
dose  was  reduced  by  48*^  in  patients 
on  cyclosporin  compared  with  pla- 
cebo (p  <  0.02).  Diurnal  variation  in 
PEER  decreased  by  a  mean  of  27.6% 
(p  =  0.04).  Cyclosporin  for  12  weeks 
was  well  tolerated  b\  this  group  of 
chronic  asthmatics,  in  whom  the 
mean  whole-blood  trough  concentra- 
tion was    152  iJg/L.  These  findings 
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VANTA 

•  beractant 

•  intratracheal  suspension 


From  Ross  Laboratories—       _ 
Helping  Premature  Babies  Survive^ 

Please  see  adjacent  column  for  Brief  Summary  of  prescribing  information. 
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BRIEF  SUMMARY  Please  see  package 

insert  lor  full  prescribing  information 

SURVANTA®  (1040) 

beractant 

intratracheal  suspension 

Slerile  Suspension  For  Intratracheal  Use  Only 

INDICATIONS  AND  USAGE 

SURVANTA  IS  indicated  lor  prevention  and 

treatment  (  rescue')  ol  Respiratory  Distress 

Syndrome  |ROS)  (hyaline  membrane  disease} 

in  premature  inlanis  SURVANTA  sigmlicantly 

reduces  the  incidence  ol  RDS,  mortality  due  to 

RDS  and  air  leak  complications 

Pnvention 

In  premature  infants  less  than  1250  g  birth 

weight  or  with  evidence  ol  surlactanl  deli- 

ciency.  give  SURVANTA  as  soon  as  possible, 

preferably  within  15  minutes  ol  birth 

Rescue 

To  treat  infants  with  RDS  confirmed  by  x-ray 

and  requiring  mechanical  ventilation,  give 

SURVANTA  as  soon  as  possible,  prelerably  by 

8  hours  ot  age 

CONTRAINDICATIONS 

None  known 

WARNINGS 

SURVANTA  IS  intended  lor  intratracheal  use  only 

SURVANTA  CAN  RAPIDLY  AFFECT  OXY- 
GENATION AND  LUNG  COMPLIANCE  There- 
fore. Its  use  should  be  restricted  to  a  highly 
supervised  clinical  setting  with  immediate 
availability  of  clinicians  experienced  with  intu- 
bation, ventilator  management,  and  general 
care  ol  premature  inlants  Infants  receiving 
SURVANTA  should  be  frequently  monitored 
with  arterial  or  transcutaneous  measurement 
of  systemic  oxygen  and  carbon  dioxide 

DURING  THE  DOSING  PROCEDURE. 
TRANSIENT  EPISODES  OF  BRADYCARDIA 
AND  DECREASED  OXYGEN  SATURATION 
HAVE  BEEN  REPORTED  II  these  occur,  stop 
the  dosing  procedure  and  initiate  appropriate 
measures  to  alleviate  the  condition  Alter  sta- 
bili;alion.  resume  the  dosing  procedure 
PRECAUTIONS 
General 

Rales  and  moist  breath  sounds  can  occur 
transiently  after  administration  Endotracheal 
suctioning  or  other  remedial  action  is  not 
necessary  unless  clear-cut  signs  of  airway 
obstruction  are  present 

Increased  probability  of  post-treatment 
nosocomial  sepsis  in  SURVANTA-treated 
infants  was  observed  in  the  controlled  clinical 
trials  (Table  3)  The  increased  risk  for  sepsis 
among  SURVANTA-treated  infants  was  not 
associated  with  increased  mortality  among 
these  infants  The  causative  organisms  were 
similar  in  treated  and  control  mlants  There 
was  no  signilicant  difference  between  groups 
in  the  rate  of  post-treatment  infections  other 
than  sepsis 

Use  of  SURVANTA  in  infants  less  than  600  g 
birth  weight  or  greater  than  1750  g  birth 
weight  has  not  been  evaluated  in  controlled 
trials  There  is  no  controlled  experience  with 
use  ol  SURVANTA  in  conjunction  with  experi- 
mental therapies  lor  RDS  (eg.  high-lrequency 
ventilation  or  extracorporeal  membrane 
oxygenation) 

No  information  is  available  on  the  effects  oi 
doses  other  than  100  mg  phospholipids  kg, 
more  than  lour  doses,  dosing  more  frequently 
than  every  6  hours,  or  administration  after 
48  hours  ol  age 

Carcinogenesis.  Mutagenesis. 
Impairment  of  Fertility 
Reproduction  studies  in  animals  have  not  been 
completed   Mutagenicity  studies  were  nega- 
tive  Carcinogenicity  studies  have  not  been 
performed  with  SURVANTA 
ADVERSE  REACTIONS 

The  most  commonly  reported  adverse  experi- 
ences were  associated  with  the  dosing  pro- 
cedure In  the  mulliple-dose  controlled 
clinical  trials,  transient  bradycardia  occurred 
with  11  9%  of  doses  Oxygen  desaturalion 
occurred  with  9  8%  ol  doses 

Other  reactions  during  the  dosing  pro- 
cedure occurred  with  fewer  than  1%  ol  doses 
and  included  endotracheal  tube  reflux,  pallor, 
vasoconstriction,  hypotension,  endotracheal 
tube  blockage,  hypertension,  hypocarbia. 
hypercarbta.  and  apnea  No  deaths  occurred 
during  the  dosing  procedure,  and  all  reac- 
tions resolved  with  symptomatic  treatment 

The  occurrence  ot  concurrent  illnesses 
common  in  premature  infants  was  evaluated 
in  the  controlled  trials  The  rates  in  all  con- 
trolled studies  are  in  Table  3 

TABLE  3 

All  Controlled  Studies 


SURVANTA  Cotilral 

CoKwnit  Emirt  |%)  (%t  f>-Viliw* 

Pileni  ductus  ifleriosuj  46  9  47  i  0  6M 

tnt(xrar>iiirwmoriruo«  48  1  4S  2  0  241 
Severe  intracf  »mal 

rwmorrtuge  24  1  23  3  0  693 

Pulftionjfv  lir  leaks  10  9  24  7  -.O  001 
Pulmorury  inierslilul 

emphysema  20  2  38  4  •  0  001 

Necrotinng  enterocolitis  6  1  S3  0  427 

Apnea  65  4  S9  6  0  263 

Severs  apnea  46  1  42  S  0 114 

Post  Ifeatment  sepsis  20  7  16  1  0  019 

Post  Kealment  infection  10  2  9  1  0  345 

Pulmpnafy  hfrnorrtiape  7  2 S3 0  166 

*P-vMm  competing  groups  in  controlled  studies 


When  all  controlled  studies  were  pooled 
there  was  no  dillerence  in  intracranial  hemor 
rhage  However  m  one  of  the  smgle-dose  res 
cue  studies  and  one  of  the  multiple-dose 
prevention  studies,  the  rate  ol  intracranial 
hemorrhage  was  sigmlicantly  higher  m 
SURVANTA  patients  than  control  patients 
(63  3%  V  30  8%,  P  -  0  001,  and  48  8%  v 
34  2%,  P  -0  047,  respectively)  The  rate  m 
a  Treatment  IND  involving  approximately  4400 
intants  was  lower  than  in  the  controlled  trials 

In  the  controlled  clinical  trials,  there  was 
no  etiect  ol  SURVANTA  on  results  of  common 
laboratory  tests  white  blood  cell  count 
and  serum  sodium,  potassium,  bilirubin 
creatinine 

More  than  3700  pretreatment  and  post 
treatment  serum  samples  were  tested  by 
Western  Blot  immunoassay  for  antibodies  to 
surfactant-associated  proteins  SP-6  and 
SP-C  No  IgG  or  IgM  antibodies  were 
detected 

Several  other  complications  are  known  to 
occur  in  premature  mlants  The  loMowmg 
conditions  were  reported  m  the  controlled 
clinical  studies  The  rates  of  the  complica- 
tions were  not  different  m  treated  and  control 
infants,  and  none  ol  the  complications  were 
attributed  to  SURVANTA 
Respiratory  lung  consolidation,  blood  Irom 
the  endotracheal  tube,  deterioration  alter 
weaning,  respiratory  decompensal.on,  sub 
glottic  stenosis,  paralyzed  diaphragm,  respi- 
ratory lailure 

Cardiovascular    hypotension,   hypertension 
tachycardia,  ventricular  tachycardia,  aortic 
thrombosis,   cardiac  lailure,  cardio- 
respiratory arrest,  increased  apical  pulse, 
persistent  fetal  circulation,  air  embolism,  total 
anomalous  pulmonary  venous  return 
Gaslroinlestinal  abdominal  distention,  hem- 
orrhage, intestinal  perlorations.  volvulus, 
bowel  infarct,  feeding  intolerance,  hepatic 
failure,  stress  ulcer 
Renal  renal  failure,  hematuria 
Hematologic    coagulopathy,   thrombo- 
cytopenia, disseminated  intravascular 
coagulation 

Central  Nervous  System  seizures 
Endocrine  Metabolic  adrenal  hemorrhage 
inappropriate  ADH  secretion,  hyper- 
phosphatemia 

Musculoskeletal  inguinal  hernia 
Systemic  lever,  deterioration 

Follow-Up  Evaluations 

To  date,  no  long-term  complications  or 
sequelae  ol  SURVANTA  therapy  have  been 
found 

Single-Dose  Studies 

Six-month  ad)usted-age  follow-up  evaluations 
of  232  inlants  (115  treated)  demonstrated  no 
clinically  important  differences  between 
treatment  groups  in  pulmonary  and  neu- 
rologic sequelae,  incidence  or  severity  ol  reti- 
nopathy ol  prematurity,  rehospitalizations. 
growth,  or  allergic  manifestations 

MuUipleDose  Studies 

Six-month  adiusted  age  lollow-up  evaluations 
have  not  been  completed  Preliminarily,  in 
605  (333  treated)  of  916  survivinq  inlants, 
there  are  trends  tor  decreased  cerebral  palsy 
and  need  lor  supplemental  oxygen  m 
SURVANTA  inlants  Wheezing  at  the  time  of 
examination  tended  to  be  more  frequent 
among  SURVANTA  infants,  although  there 
was  no  difference  in  bronchodilator  therapy 

Twelve-month  toUow-up  data  Irom  the  mul- 
tiple-dose studies  have  been  completed  m 
328  (171  treated)  ol  909  surviving  infants  To 
date  no  significant  differences  between  treat- 
ments have  been  found,  although  there  is  a 
trend  toward  less  wheezing  m  SURVANTA 
inlants  in  contrast  to  the  six  month  results 

OVERDOSAGE 

Overdosaoe  with  SURVANTA  has  not  been 
reported  Based  on  animal  data,  overdosage 
might  result  in  acute  airway  obstruction 
Treatment  should  be  symptomatic  and 
supportive 

Rales  and  moist  breath  sounds  can  tran- 
siently occur  alter  SURVANTA  is  given,  and 
do  not  indicate  overdosage  Endotracheal 
suctioning  or  other  remedial  action  is  not 
required  unless  clear-cut  signs  ol  airway 
obstruction  are  present 

HOW  SUPPLIED 

SURVANTA  (beractant)  Intratracheal  Suspen- 
sion IS  supplied  m  smqle-use  glass  vials 
containing  8  mL  of  SURVANTA  {NDC 
0074-1040-08)  Each  milliliter  contains  25  mg 
ol  phospholipids  (200  mg  phospholipids 
8  mL)  suspended  in  0  9%  sodium  chloride 
solution  The  color  is  oll-white  to  light  brown 
Store  unopened  vials  at  relrigeration  tem- 
perature {2-8  C)  Protect  from  light  Store 
vials  in  carton  until  ready  for  use  Vials  are  for 
single  use  only  Upon  opening,  discard 
unused  drug 
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ABSTRACTS 


provide  further  evidence  of  a  role  for 
activated  T  lymphocytes  in  the  patho- 
genesis of  asthma.  Specific  phar- 
macological targeting  of  this  cell 
could  form  the  basis  of  a  novel 
approach  to  the  treatment  of  asthma. 

A  Successful  Computerized  Proto- 
col for  Clinical  Management  of 
Pressure  Control  Inverse  Ratio 
Ventilation  in  ARDS  Patients— TD 
East,  SH  Bohm.  CJ  Wallace.  TP 
Clemmer.  LK  Weaver.  JF  Orme.  AH 
Morris.  Chest  1992;101:697. 

We  have  developed  a  computerized 
protocol  that  provides  a  systematic 
approach  for  management  of  pres- 
sure control-inverse  ratio  ventilation 
(PCIRV).  The  protocols  were  used 
for  1.466  h  in  10  around-the-clock 
PCIRV  evaluations  on  7  patients 
with  severe  adult  respiratory  distress 
syndrome  (ARDS).  Patient  therapy 
was  controlled  by  protocol  95%  of 
the  time  (1.396  of  1.466  h)  and  90% 
of  the  protocol  instructions  ( 1 .937  of 
2.158)  were  followed  by  the  clinical 
staff.  Of  the  221  protocol  instruc- 
tions. 88  (39%)  not  followed  were 
due  to  invalid  intrinsic  PEEP 
(PEEP,)  measurements.  Compared 
with  preceding  values  during  con- 
trolled positive  pressure  ventilation 
(CPPV),  the  expired  minute  ventila- 
tion was  reduced  by  27%  during 
PCIRV  while  maintaining  a  pH  that 
was  not  clinically  different  (mean 
difference  in  pH  =  0.02).  There  was 
no  difference  in  the  PaO:,  PEEP,,  or 
the  Fio;  between  PCIRV  and  CPPV. 
The  PEEP  setting  was  reduced  by 
33%  from  9  ±  0.05  to  6  ±  0.6  and  the 
I-E  ratio  increased  from  0.64  ±  0.04 
to  2.3  ±0.10.  Peak  airway  pressure 
was  reduced  by  24%  (from  59  ±  1.5 
to  45  ±  0.6)  and  mean  airway  pres- 
sure increased  by  27%  (from 
22  ±0.8  to  28  ±0.6)  in  PCIRV. 
Right  atrial  and  pulmonary  artery 
pressures  were  higher  and  cardiac 
output  lower  in  PCIRV  but  blood 
pressure   was   unchanged.   The   suc- 


cess of  this  protocol  has  dem- 
onstrated the  feasibility  of  using 
PEEP,  as  a  primary  control  variable 
for  oxygenation.  This  computerized 
PCIRV  protocol  should  make  the 
future  use  of  PCIRV  less  mystifying, 
simpler,  and  more  systematic. 

A  Cohort  Study  of  Transcutaneous 
Oxygen  Tension  and  tiie  Incidence 
and  Severity  of  Retinopathy  of 
Prematurity — JT  Flynn.  E  Ban- 
calari.  ES  Snyder.  RN  Goldberg.  W 
Feuer.  J  Cassady.  et  al.  N  Engl  J 
Med  1992:326:1050. 

BACKGROUND;  Retinopathy  of 
prematurity  is  a  disease  affecting  the 
blood  vessels  of  the  retina  in  pre- 
mature infants  that  may  result  in 
scarring,  retinal  detachment,  and  loss 
of  vision.  An  association  between 
this  condition  and  the  exposure  of 
premature  infants  to  supplemental 
oxygen  has  been  postulated,  but  the 
relation  between  retinopathy  of  pre- 
maturity and  blood  oxgyen  levels  has 
not  been  defined.  The  purpose  of  this 
study  of  a  cohort  of  preterm  infants 
was  to  correlate  the  incidence  and 
severity  of  retinopathy  of  prematur- 
ity with  the  duration  of  exposure  to 
different  ranges  of  oxygen  tension  as 
measured  by  transcutaneous  mon- 
itoring (tcPo:)-  METHODS:  101  pre- 
mature infants  (birthweight  500- 
1,300  g)  requiring  supplemental  oxy- 
gen had  continuous  monitoring  of 
tcPo:.  The  number  of  hours  during 
which  the  tcPo:  was  80  torr  or  higher 
was  tabulated  for  each  infant  during 
the  first  4  weeks  of  life.  RESULTS: 
There  was  a  significant  association 
between  the  amount  of  time  that  the 
tcPo:  was  >  80  torr  and  the  incidence 
and  severity  of  retinopathy  of  prem- 
aturity. The  odds  ratio  for  each  12- 
hour  period  in  which  the  tcPo:  was  > 
80  torr  was  1.9  (95%  confidence 
interval  1.2  to  3.0)  after  adjustment 
for  the  following  factors:  birthweight 
<  1,300  g  (odds  ratio  2.3  [95%  con- 
fidence   interval     1.6    to    3.4]).    5- 


minute  Apgar  score  of  7  or  less 
(odds  ratio  7.2  |957(  confidence 
interval  2.5  to  21 1).  and  exposure  to 
inspired  oxygen  at  a  fractional  con- 
centration >  0.4  (odds  ratio  1.0  |95 
percent  confidence  interval  0.97  to 
1.05]).  The  association  was  stronger 
for  tcPo:  values  of  >  80  torr  occur- 
ring from  the  second  through  the 
fourth  week  of  life:  during  this 
period,  the  adjusted  odds  ratio  for  a 
1 2-hour  period  of  such  exposure  was 
3.1  (95%  confidence  inter\'al  1.6  to 
6.1).  CONCLUSIONS:  This  study 
supports  an  association  between  the 
incidence  and  severity  of  retinopathy 
of  prematurity  and  the  duration  of 
exposure  to  arterial  oxygen  levels  of 
80  torr  or  higher,  measured  trans- 
cutaneously. 

An  Economic  Evaluation  of 
Asthma  in  the  United  States — KB 

Weiss,  PJ  Gergen,  TA  Hodgson.  N 
Engl  J  Med  1992:326:862. 

BACKGROUND:  Asthma  is  a  com- 
mon chronic  illness.  Recently, 
increases  in  morbidity  and  mortality 
due  to  this  disease  have  been 
reported.  We  studied  the  distribution 
of  health  care  resources  used  for 
asthma  in  order  to  lay  the  ground- 
work for  further  policy  decisions 
aimed  at  reducing  the  economic  bur- 
den of  this  disorder.  METHODS: 
Estimates  of  direct  medical  expen- 
ditures and  indirect  costs  (in  1985 
dollars)  were  derived  from  data 
available  from  the  National  Center 
for  Health  Statistics.  These  cost  esti- 
mates were  projected  to  1990  dollars. 
RESULTS:  The  cost  of  illness 
related  to  asthma  in  1990  was  esti- 
mated to  be  S6.2  billion.  Inpatient 
hospital  services  represented  the 
largest  single  direct  medical  expen- 
diture for  this  chronic  condition, 
approaching  $1.6  billion.  The  value 
of  reduced  productivity  due  to  loss  of 
school  days  represented  the  largest 
single  indirect  cost,  approaching  $1 
billion  in   1990.  Althoush  asthma  is 
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Aerochamber® 
The  Ultimate  Aerosol 
Delivery  Solution 


The  Only  Family  of  Aerosol 
Holding  Chambers  for 
Expanded  Applications 
ofMDlAerosob 


"Deposition  of 
aerosol  from  an 
MDI  with  a  spacer 
or  holding  chamber  is 
similar  to  (and  perhaps 
better  than )  deposition 
from  a  properly  used 
MDI  alone." 
Aerosol  Consensus  Statement, 
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Respirator)  Care,  .SepL"91.  Vol.  36  No.  9 

"In  general, ...  holding  chamber)  is 
the  most  convenient,  versatile  and 
cost-effective  way  to  deliver  aerosols." 
Aerosol  Consensus  Statement,  Respiraton'  Care, 
SepL'91,Vol  36N0.9 


P' 


"MDIs 

-    *         can  be  used 

effectively  in  children. 

However,  because  of  the 

inability  of  many  pediatric  patients 

younger  than  10  years  of  age  to 

coordinate  the  actuation  of  the  MDI,  a 

holding  chamber  should  always  be  used.  A 

holding  chamber  with  mask  should  be  used  in  those 

less  than  3  years  of  age." 

Aerosol  Consensus  Statement.  Respirator)  Care,  Sept '91,  Vol.  36  No.  9 

....  a  holding  chamber  should  be  used  with  inhaled  steroids 

for  pediatric  patients  of  any  age." 

Aerosol  Consensus  Statement,  Respirator)  Care,  SepL'91,  Vol.  36  .No.  9 


The  Aerosol  Consensus  Statement  of  the  AARC.  the  NIH  expert  panel  and  practitioners  of 
respiratory  care  have  established  new  amunimity  standards  for  the  use  of  Metered  Dose  Inhaler 
aerosol  treatments  and  therap). 

Monaghan  Medical  Corporation  has  been  the  industry  pioneer  of  advancements  in  MDl 
aerosol  therapy  and  today  represents  the  ultimate  MDI  aerosol  delivery  solution.  The  Aerochamber® 
family  of  holding  chambers  is  the  most  advanced  and  clinically  proven  MDl  delivery  system  with 
a  comprehensive  range  of  aerosol  holding  chambers  specifically  designed  to  meet  the  individual 
needs  of  your  patients. 

Aerochamber"  MDl  aerosol  delivery  system  is  the  most  extensive  and  the  only  line  of  aerosol 
holding  chambers  available  for  adults,  children,  infants  and  ventilated  patients  or  those  with  limited 
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'MDI  holding  chambers 
ilso  eliminate  the  need  to 
;oordinate  actuation 
ind  inhalation." 

Verosol  Consensus  Statement, 
Respirator)'  Care,  Sept.'91, 
i  01.36  No.  9 


"This  study  has  demonstrated  that  a  MDI  plus  aerosol  holding 
chamber  delivers  a  nearly  fivefold  greater  dose  of  aerosolized 
drug  to  the  lungs  in  comparison  with  a  jet  nebulizer  in 
patients  receiving  mechanical  ventilation." 
H.D.  Fuller,  M.B.  Dolovich.  G.  Posmltuck,  W.  Wong  Pack, 
and  M.T.  Newhouse 
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"The  Aerochamber  and  MDI 
appears  to  be  a  highly  efTicient 
method  of  budesonide  delivery 
to  ventilated  infants." 
J.  Grigg,  et  al  Hammersmith  Hospital, 
London,  England 
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P.O.  Box  2805,  Piattsburgh,  NY  12901 
800-833-9653/518-561-7330 
Fax:  518-561-5660 


Circle  140  on  reader  service  card 


ABSTRACTS 


often  considered  to  be  a  mild  chronic 
illness  treatable  with  ambulatory 
care,  we  found  that  43%  of  its  eco- 
nomic impact  was  associated  with 
emergency  room  use.  hospitalization, 
and  death.  Nearly  two  thirds  of  the 
visits  for  ambulatory  care  were  to 
physicians  in  three  primary  care  spe- 
cialties— pediatrics,  family  medicine 
or  general  practice,  and  internal  med- 
icine. CONCLUSIONS:  Potential 
reductions  in  the  costs  related  to 
asthma  in  the  United  States  may  be 
identified  through  a  closer  examina- 
tion of  the  effectiveness  of  care  asso- 
ciated with  each  category  of  cost. 
Future  health  policy  efforts  to 
improve  the  effectiveness  of  primary 
care  interventions  for  asthma  in  the 
ambulatory  setting  may  reduce  the 
costs  of  this  common  illness. 

Validity  of  Pulse  Oximetry  during 
Exercise  in  Elite  Endurance  .\th- 
letes — D  Martin.  S  Powers.  M 
Cicale.  N  Collop.  D  Huang.  D  Cris- 
well.  J  Appl  Physiol  1 992:72(2 ):455. 

Eleven  highly  trained  male  cyclists 
[maximal  aerobic  power  (Vo2n,ax)  - 
70.6  ±4.2  mL  ■  kg-'  ■  min']  per- 
formed both  high  intensity  constant 
load  (90-95%  Vo2„,ax)  and  incre- 
mental cycle  exercise  tests  with  arte- 
rial blood  sampling  to  evaluate  the 
accuracy  of  pulse  oximeter  estimates 
(%Sp02)  of  arterial  oxyhemoglobin 
fraction  of  total  hemoglobin  (%HbO:). 
Three  subjects  also  performed  an 
incremental  exercise  test  in  hypoxic 
conditions  (inspired  partial  pressure 
of  O2  =  89,  9.3.  or  KM)  torr).  Arterial 
%Hb02  was  determined  via  CO- 
oximetry  and  ranged  from  72  to 
99%.  Three  Ohmeda  3740  pulse 
oximeters  were  used  to  estimate 
%Hb02.  one  on  each  ear  lobe  and  a 
finger  probe,  riic  finger  probe 
tended  to  pro\  ide  the  best  estimate  of 
%Hb02  during  exercise:  the  mean 
%Sp02-%Hb02  difference  for  232 
exercise  observations  was  0.52  ±  1 .36% 
(SD).  Finger  probe  %Spo;  and  %HbO: 


were  highly  correlated  (r  =  0.98:  stan- 
dard error  of  the  estimate.  SEE 
=  1.32%:  p  <  0.0(M)1 ).  The  accuracy  of 
pulse  oximeters  has  been  questioned 
during  high-intensity  exercise.  When 
aerobic  power  was  >  8 1  %  of  V02m.1v 
(n  -  75).  the  finger  probe's  mean  enor 
was  -0.01  ±1.40%.  Finger  probe 
%Sp02  and  %Hb02  were  highly  cor- 
related (r  =  0.97.  SEE  =  1.32%, 
p<().()()01).  These  results  indicate 
that  this  pulse  oximeter  is  a  valid  pre- 
dictor of  %Hb0:  in  elite  athletes  dur- 
ing cNcle  exercise. 

Transcutaneous  Oxygen  and  Car- 
bon Dioxide  during  the  First  Half 
^'ear  of  Life  in  Premature  and 
Normal  Term  Infants — T  Haop- 
penbrouwers.  JE  Hodgman.  K  Ara- 
kawa.  M  Durand.  LA  Cabal.  Pediatr 
Res  1992:31:73. 

Repetiti\e  poKsomnograms  were 
recorded  from  a  total  of  33  infants. 
19  healthy  preterm  infants,  and  14 
term  controls  between  40-wk-posi- 
conceptional  age  and  6  mo  of  age. 
These  nighttime  recordings  lasted  2- 
4  h,  except  at  52  wk  in  preterm 
infants  and  at  3  mo  of  age  in  term 
infants  when  an  overnight  12-h 
recording  was  performed.  Minute- 
by-minute  values  of  transcutaneous 
P02  (Ptco.)  and  transcutaneous  Pco: 
(Ptcco;)  levels  and  \ariability  during 
the  awake  state,  active  sleep,  anil 
quiet  sleep  were  obtained  through 
computer  analyses  of  the  poly  graphic 
data.  The  results  from  preterm 
infants  at  corrected  posiconceptional 
age  could  not  be  ditferentiated  from 
those  of  control  intants.  Pi^o  levels 
rose  between  40  wk  and  3  mo.  and 
Picco;  levels  declined.  Sleep  states 
modulated  oiil\  ihe  variability  of 
Pico...  not  the  level:  in  contrast,  state 
modulation  was  seen  in  both  var- 
iability and  level  of  PrcO:  through- 
out the  age  span  studied.  During 
sleep  the  number  of  transient 
declines  in  Puo;  >  2.03  kPa  ( 15  ton) 
decreased      with      advancinu      atie. 


Hypercapnic  Picco:  values  decrea.sed 
w  ith  age  as  well,  but  their  prevalence 
in  healthy,  young  infants  suggests 
the  need  for  re-evaluation  of  criteria 
for  hypercapnia  based  on  transcu- 
taneous measurements.  The  data 
demonstrate  that  ventilatory  regu- 
lation continues  to  undergo  changes 
between  1  and  3  mo.  the  age  of  high- 
est risk  for  sudden  infant  death  syn- 
drome. 

Deposition  of  .Aerosolized  Pen- 
tamidine and  Failure  of  Pneumo- 
cystis Prophylaxis — GC  Smaldone. 

G  Dickinson,  E  Marcial.  E  Young,  J 
Seymour.  Chest  1992:101:82. 

OBJECTIVE:  To  determine  if  out- 
come of  Pneumocystis  carinii  pro- 
phylaxis is  related  to  total  lung  dose 
of  aerosolized  pentamidine.  SET- 
TING: AIDS  treatment  centers  at  a 
VA  and  University  Hospital.  PA- 
TIENTS: 58  HIV-infected  patients 
receiving  P  carinii  prophylaxis  with 
aerosolized  pentamidine  using  a  neb- 
ulizer (CIS-US  AeroTech  II)  were 
followed  up  over  a  90-week  period. 
Treatment  consisted  of  60  to  90  mg 
every  2  weeks.  MEASUREMENTS: 
In  all  patients,  deposition  of  pentam- 
idine aerosol  was  measured  using  a 
radioaerosol  filter  technique.  Factors 
thought  to  be  important  in  deposi- 
tion, nebulizer  output,  and  breathing 
pattern  were  also  measured.  Six 
months  later,  repeated  deposition 
studies  were  performed  in  20 
patients.  F'entamidine  dose  to  the 
lung  was  related  to  occurrence  of  /' 
carinii  pneumonia  and  conelated 
with  nebulizer  function  and  breath- 
ing parameters.  Outcome  was  asses- 
sed in  terms  of  pentamidine  deposi- 
tion iind  patient  characteristics, 
including  demographic,  immuno- 
logic, physiologic,  and  medical  var- 
iables, RESULTS:  10  patients 
( 17.2'f  I  had  development  of  P  cari- 
nii pneumonia.  However,  pentami- 
dine deposited  in  the  failures 
(8. 18  ±4.74   niiz)    was    no   different 
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Pulmonary  Rehabilitation 


A  Live  Satellite 

Videoconlerence 

Earns  You 

Continuing 

Education 

Credits. 


A  Continuing  Education  Program 

of  the  American  Association 

for  Respiratory  Care 

and  a  Production  of 

VHA  Satellite  Network 


Professor'is  Rounds  in  Respiratory  Core 

Each  Program  is  1  A  Hours  Long  and  Earns  One  Continuing  Education  Credit. 

Pulmonary  Rehabilitation 

July  9, 1992, 12:30-2:00  p.m.  Eastern  Time 

Barry  Make,  MD  and  David  J.  Pierson,  MD— Learn  tine 
connponents  of  a  comprehensive  rehabilitation  progrann  and  how 
to  assess  a  patient's  progress  and  follow-up.  Learn  and 
understand  how  to  select  appropriate  candidates  for  pulmonary 
rehabilitation  and  how  to  identify  and  set  both  short-term  and 
long-term  goals  for  patients. 

Prevention  of  Postoperative 
Atelectasis  and  Pneumonia 

November  17,  1992,  12:30-2:00  p.m.  Eastern  Time 

Richard  D.  Branson,  RRT  and  David  J.  Pierson, 
MD — Understand  the  pathogensis  of  postoperative 
atelectasis  and  pneumonia  and  know  hov^  to 
decrease  the  risk  of  nosocomial  pneumonia  in 
intubated  ICU  patients.  Learn  how  to  identify 
patients  at  increased  risk  for  developing 
postoperative  atelectasis  and  pneumonia  and  the 
roles  of  chest  physiotherapy,  bronchoscopy,  and 
other  therapies  in  managing  acute  lobar  atelectasis. 


Registration  Fees 

Site  Registration  Fees 


Aerosol  Administration 

September  23,  1992,  12:30-2:00  p.m.  Eastern  Time 

Dean  Hess,  MEd,  RRT  and  David  J.  Pierson,  MD— 
Know  the  basic  principles  underlying  the  therapeutic 
use  of  drugs  by  the  aerosol  route  as  well  as  the 
differences  in  efficacy  and  use  of  metered-dose 
inhalers  vs.  nebulizers.  Learn  how  to  administer  and 
assess  the  effects  of  bronchodilators  during 
mechanical  ventilation  and  the  techniques  for 
correct  use  of  aerosol  devices  by  patients. 

Tapes  and  Options  for  Those 
Without  Satellite  Reception 

if  you  want  to  participate  live  and  earn  CEUs,  you  Site  registration  includes  program  information,  CEU 

may  consider  using  a  local  college,  hotel,  library,  application  packet,  15  workbooks  (additional 

sports  bar,  or  any  site  with  a  receiving  dish.  Tapes  of  workbooks  con  be  ordered  at  the  time  of 

each  program  will  be  available  after  the  broadcast  registration). 

(tapes  do  not  earn  continuing  education  credit). 

I   J-    J     I              I           ■  .     I     lU      „,  „,  „i                     Single  Videoconference 
Individuals  may  also  register  tor  the  series  at  — = 

designated  open  sites.  Call  (214)  830-0061  for  AARC  Member  $245 

information.  Nonmember  $295 

l2  I  want  continuing  education  credit  for  my  staff.  Register  me  for  the  videoconferences  checked  below. 

Lj  Pulmonary  Rehabilitation  Aerosol  Administration 

n  Prevention  of  Postoperative  Atelectasis  and  Pneumonia 

Send  Registration  Materials  To: 


Total  AmounI  Enclosed 


Purchose  Order  # 

Bill  to  My     D  MasterCard  D  Visa      Expiration  dote  , 


Credit  Card  # 

X 


Cily 


Zip 


Signature 


Teieptione  # 


AARC  Member  # 


Mail  to:  AARC  Videoconferences  ■  ATTN:  Registration  ■  SATNET  4  P  0.  Box  140909  -  Irving,  TX  75014-0909  (214)  830-0061    Fax  (214)  830-0614 


Individual  Indepeiidi'iit  Stud>  I'iickaj^es 


A  Commitment  To  Personal  And  Staff  Training 
Is  A  Commitment  To  Quality  Health  Care 

As  a  respiratory  care  professional,  you  know  how  quickly  technology  changes. 

A  commitment  to  personal  and  staff  training  is  a  commitment  all  health  care 

practitioners  must  make  to  ensure  quality  health  care. 


Clinical  Science 

I  IM)\  I  KD!  (  jlitiluliimor 
Kcspiraton  ML-dications 

Teaches  you  how  lo  calculate  and  prepare  percentage 
solutions,  ratio  solutions,  solutions  prepared  trom 
solutes  less  than  100*^  in  strength,  and  how  to  prepare 
dosages  from  powdered  drugs. 
UemCSI6  — $9Ea 

Classifi cation  of  Mechanical  \  i-ntilators  I 

Pan  I  oullines  the  baMC  uonccpis  of  ventilator 
classification  and  a  mathematical  model  of  the 
respirator)'  system  that  provides  the  basis  for 
classifying  ventilator  control  systems.  It  also  leaches 
the  specific  criteria  for  determining  whether  a  ventilator 
primarily  controls  pressure,  volume,  or  flow, 
ItemCSlS  — SlOKa 

Classirication  of  Mechanical  NenlilaUirs  II 

In  Part  II.  you  will  learn  detailed  inlormalion  ahout  the 
control  of  ventilation  in  tentis  of  switching  from 
inspiration  lo  expiration.  You  will  also  be  introduced  to 
ihc  common  drive  mechanisms  used  in  various 
mechanical  devices. 
HeniCSI9  — $10Ka 

Ctassiflcalion  of  Mechanical  Ventilators  III 

Pan  III  explores  the  output  waveforms  that  ventdalors 
pnHlucc  and  their  clinical  implications.  Insiruction  is 
also  given  on  the  various  mtnles  ot  \cnIilation  in  terms 
of  the  specific  combinations  of  control  characteristics 
that  make  them  unique  along  with  ventilator 
performance  testing  and  the  practical  application  of 
ventilator  classification  in  everyday  communication. 
llenirS20  — $10Ka 

Venlilutinn/IVH'usion  Relationships 
in  Health  and  Disease 

Co\lTn  ihe  mild  lo  severe  degrees  of  hypoxia  that  are 
commonly  encountered  in  patients  with  pulmonary 
disease.  The  focus  is  on  ventilution/perfusion 
abnormalities,  which  account  for  Ihe  major  share  of  the 
severe  hypoxia  obscr\'ed  in  COPD.  u  ilh  alve()iar 
hypoventilation  representing  an  additional  contributing 
faclt)r. 
ItcniC"S2I— $IOKa 

Transpulmonary  Pressure  Changes  In  Itreathiii^ 

Discusses  the  pulmonary  pressures  and  how  they  vary 
during  normal  breathing  and  tn  special  situations. 
Includes  instruction  on  the  follow  ing  puhnonan. 
pressures:  barometric,  alveolar,  intrapleural, 
transpulnionar)'.  chest  wall,  and  transthoracic. 
Hem  CS5  —  $6  Ka 

Kcsisliinii'  In  \  i-iilllalion:  \  .Second  l.onk  at 
Pidmnnar)  (  onipliance  and  Resistance 
Assists  the  learner  in  underslandmg  the  pulmonary 
characteri.stics  of  compliance  and  resistance,  how  these 
characteristics  can  change,  and  how  they  can  infiuence 
the  performance  of  mechanical  ventilators, 
Iteni{S6  — $7Ka 


Individual 

Independent 

study  Packages 

IISPs  —  great  for 

review  or  as  a  study 

aid  for  yourself  or 

your  staff 

Whatever  your  .specialty  or  need, 

there  is  an  IISP  for  you.  Select 

from  30  different  pactcages  in 

Chnical  Science.  Patient 

Evaluation,  and  Clinical 

Practice.  Choose  from  the 

following  list  or  order  all  30  for 

only  $203  and  save  $35  off 

individual  prices. 

Your  Best  Buy  is  a  Complete 
Set  of  30  at  $203  (Item  CPIO) 


Practical  Application  of  (las  Laws 

A  common-sense  approach  to  the  gas  laws  and  how  lo 
apply  them  to  respirator)  care.  Helps  you  define  the 
laws  of  Boyle.  Charles.  Gay-Lussac.  Dalton.  Graham, 
and  Henry. 
Item  CS7  —  $8  Ea 

Tnnicit>  of  .Solutions  and  Ihe  Respirator)  Tract 

TTiis  package  will  give  you  an  understanding  ot  how  ti> 
predict  the  effects  of  therapeutic  solutions  on  the 
respirator)  tract  and  how  to  utilize  them  in  the 
treatment  of  various  respiraIor\'  tract  pathologies. 
Item  CSS  —  $6  Ea 

Carbon  Monoxide  Inhalation:  Introduction  to 
l*h>siolfl}>ic  Effects  and  Respirator)  Management 

This  p;ickage  explains  how  carbon  monoxide  inhalation 
atfects  oxygen  transport  mechanisms  in  the  body  and 
the  use  of  CO  in  physiologic  tests  of  pulmonar) 
function.  Also  covers  recognition  signs  and  sympttmis 
and  irealnient  of  CO  poisoning,  including  the 
equipment  needed  to  administer  therapy. 
Item  CS9  —  $7  Ea 


Klectrical  Safety  in  Respiratory  Therapy  I: 
Basic  Electrical  Circuitry 

l.nables  \ou  to  relate  the  basic  principles  of  electrical 
theof)  to  commonly  used  equipment  and  procedures  in 
the  clinical  environment,  and  provides  you  with  an 
understanding  of  electrical  safety  in  respiratory  care. 
ItemCSn  — $6Ea 

I  lectrical  Safct)  in  Respirator)  Therap)  11: 
Identification  of  Electrical  Hazards 

\fter  using  this  IISP.  you  vmII  be  able  to  identify  and. 
w  here  possible,  minimize  or  eliminate  common 
electrical  hazards  in  the  hospital.  It  will  help  you 
differentiate  between  the  different  types  of  electrical 
iiazards  to  which  patients  and  hospital  personnel  are 
L-xposed.  Then  sou  learn  how  to  implement  the  basic 
[principles  of  electrical  safety  in  the  hospital. 
Item  CS13  — $6Ea 

Microbittlnji)  for  Respirator)  Thcrap) :  A  Review  of 
Microbial  (irowlh  and  (.  rnss-Cimtamination 

l*ro\  ides  you  v.  ith  an  overview  of  some  important 
.ispects  oi  microbiology  in  respirator)  care.  Includes 
lour  main  sections:  groups  and  characteristics  of 
microbes,  requirements  for  microbial  growth, 
cross-contamination,  and  prevention  of  transmission. 
ItemCSn  — $9Ea 


Patient  Evaluation 

I'lilinonar)  Function  Assessment  I: 
Hasic  Screening  Studies 

Helps  )ou  understand  the  results  of  simple  spirometry 
icsts  and  gi\es  the  det^inition  of  obstructive  and 
restrictive  pulmonar)  disorders  and  descriptions  of  the 
i\isic  paihoiog)  involved  in  each.  It  further  covers  the 
lour  reasons  tor  simple  spirometr)  tests,  the  common 
p.iranicters  of  lung  function  measured  b)  simple 
spirometr).  and  helps  vou  identify  the  results  from 
spiromeiry  indicative  of  obstructive  and  restrictive 
[uilmonary  disorders- 
llcm  PE3  —  $8  Ea 

Pulmonar)  Function  Assessment  II: 
Bedside  Studie.s 

Tins  suidv  unit  is  designed  to  familiarize  you  with  the 
use  and  interpretation  of  bedside  pulmonar)  function 
tests.  You  will  leani  how  pulmonar)  function  test 
results  can  be  used  to  assess  ventilator,  ability  and 
w  hich  tests  are  commonly  used.  Also,  Icam  what 
measuring  instrument  is  required  for  each  test,  how  the 
test  is  perlonned.  and  what  is  significant  abcmt  the  test 
results. 
Item  rE4  —  $7  Ea 

Pnlmnnarv  Kiinction  Vssi'ssmcnt  HI:  lung  \  olumc 
Di-tiTininalion  and  (losing  \  olunu-  Studies 

This  inalcria!  is  designed  to  help  sou  recall  the  eight 

subdivisions  of  total  lung  volume  and  their  individual 

characlerisiics  in  health  and  disease.  Also  helps  you 

understand  the  nieasurcmenl  o\  lung  volume  by 

nitrogen  washout,  helium  dilution,  and  closing  volume 

techniques. 

Item  PES  —  $6  Ea 


Subtotal  $_ 
Total       $ 


Exp.  Date . 

Signature_ 


Body  Plethysmography 

Explains  the  theory  of  body 
pleihyvmography  and  ils  use  in  the 
measuremenl  ot  FRC  and  airway 
resistance.  DeHnes  Boyle's  Law. 
:horacic  volume,  airway  resistance, 
ind  its  normal  values.  Also 
iescnbes  the  measurement  of  atPA'ay 
resistance  using  body 
nlethvsmography. 
[lem'PF6  — $9'Ea 


Snurct's  of  Krror  in  the 

Determination  of 

Blood  Gas  Values  and  pH 

rhis  study  package  will  familiarize 
you  with  the  errors  that  may  occur  in 
:he  analysis  t>f  blood  gases  and  pH. 
These  are  often  the  most  important 
laboratory  data  used  in  the  diagnosis 
and  treatment  of  pulmonary  disease, 
ind  errors  in  these  values  can  result 
in  deleterious  effects  on  patient  care. 
ltemPE7  — $IOEa 

Femperalure  Adjustment  of 
Blood  Gases  and  pH 

rhe  pnncipal  goal  of  this  study 
package  is  to  teach  you  the  effects  of 
ibnormal  body  temperature  on  blood 
gas  and  pH  values  Blood  gas  values 
ind  pH  are  determined  at  37  degrees 
Celsius,  but  if  a  patient's 
temperature  is  abnormal,  the  in-vivo 
blood  gas  and  pH  values  will  be 
different  from  those  reported  by  the 
blood  gas  laboratory.  This  package 
lA  ill  teach  you  how  to  adjust  these 
values. 
[tern  PES  —  $10  Ea 

Measurement  of  Static 
Compliances  and 
Dynamic  Characteristics  Curves 
During  Mechanical  Ventilation 

Upon  completion  of  this  package, 
you  will  be  able  to  compute  and 
record  static  compliance  curves  and 
dynamic  characlen sties.  You  will 
also  be  able  to  describe  the 
procedure  of  obtaining 
pressure-volume  measurements  and 
be  able  lo  interpret  the  compliance 
characteristics  measurements. 
Item  PE9  —  $7  Ea 


Arterial  Blood  Gas  Interpretation 

Teaches  \ou  an  understanding  of 

.ABG  interpretation  in  order  thai  the 

therapy  prescribed  by  the  physician 

can  be  administered  in  a 

knowledgeable  manner.  A 

systematic  method  will  be  described 

that  allows  you  to  correctly  classify 

the  acid/base  dysfunction  and  to 

relate  the  diagnosis  concisely  and  coherently  to  other 

members  of  the  health  care  team. 

ItemPEIO  — $10Ea 


Clinical  Practice 

Chest  Tubes  and  Pleural  Drainage 

Helps  you  understand  the  purpose  of  pleural  drainage,  how 
It  might  affect  the  patient's  respiratory  status,  and  what 
precautions  you  must  take  when  working  with  patients  who 
are  receiving  pleural  drainage. 
Item  CP3  —  $6  Ea 


CS16  CS18  CS19  CS20  CS2I  CSS  CS6 

CS7  CSS  CS9  CS12  CS13  CS17  PE3 

PE4  PES  PE6  PE7  PES  PE9  PEIO 

CP3  CP4  CP5  CP6  CP7  CP8  CP9 

SCI  SC2  CPIO 


(Shipping  $2  1st  item,  25c  ea.  addii 


_Payment  enclosed  in  the  amount  of. 
_  Bill  me.  my  P.O.  No.  is 


Charge  to  my 

No. 


Visa 


MasterCard 


AARC  Member  No., 
Name 


Institution, 
Address 


City/State/Zip_ 


AARC  Order  Department 

11030  Abies  Lane 

Dallas,  TX  75229-4593 


Tracheal  Intubation  HI: 

K(|uipmen( 

Procedures  for  Intubation 

("n\ers  the  selection  of  the  proper 

equipment  necessary  to  perform 

endotracheal  intubation  and  to 

ensure  that  they  are  in  working 

order. 

ltemCP6  — $8Ea 


Respiratory  Management  of 
Neuromuscular  Crisis 

This  llSP  will  be  helpful  in  the 
respiratory  management  of  patients 
with  ventilatory  failure  caused  by  a 
neuromuscular  disorder.  It  will 
provide  you  with  a  basic 
understanding  of  how 
neuromuscular  conditions  lead  to 
ventilatory  insufficiency  and  what 
special  considerations  must  be 
taken  when  working  with  these 
types  of  patients. 
Item  CP7  —  $7  Ea 


Respiratory  Management 
of  Flail  Chest 

This  study  package  helps  you 
increase  your  understanding  of  the 
pathophysiology  of  flail  chest  and 
the  respiratory  management  of 
patients  who  have  sustained  chest 
wall  trauma  that  results  in  a  tTiil 
chest. 
Item  CP8  —  $7  Ea 

Respiratory  Management  of 
Head  Trauma 

This  llSP  teaches  you  lo  identify 
five  physical  signs  indicative  of 
head  trauma  and  explains  the 
development  of  respiratory  failure 
secondary  to  trauma.  Also 
discusses  airway  management, 
drug  therapy,  ventilator 
parameters,  acid-base  status,  and 
measures  to  be  taken  to  maintain 
ihe  appropriate  pH.  Pjco--  and  Pao--- 
Item  CP9  —  $7  Ea 

Smoking  Cessation 


Tracheal  Intubation  I;  l!pper  Airway 
Anatomy  and  Goals  of  Intubation 

After  completing  this  IISP.  )ou  will  understand  the 
rationale  for  tracheal  intubation  and  be  able  to  identify 
the  important  landmarks  of  upper  airway  anatomy. 
Item  CP4  —  $6  Ea 

Tracheal  Intubation  II: 
Routes  of  Intubation 

Descnbes  the  four  routes  of  tracheal  intubations  and 

some  advantages  and  hazards  of  each.  Also  presents  the 

process  for  selecting  the  most  suitable  route  in  a  given 

situation. 

Item  CP5  —  $6  Ea 


Nicotine  Dependency 
Evaluation  and  Treatment 

This  llSP  will  help  you  understand 

the  physiologic  effects  of  nicotine. 

tests,  and  questions  used  to 

evaluate  dependency,  It  will  give 

you  an  understanding  of  nicotine 

and  how  it  affects  the  chemistry  of 

the  brain,  how  it  can  be  measured 

in  bodily  fluids,  and  the  value  of 

using  self-tests  to  determine 

addiction  levels.  This  IISP  also  teaches  the  importance  of 

nicotine  replacement  and  how  it  can  he  enhanced  with 

behavioral  counseling. 

Item  SCI— $10  Ea 

Bedside  Counseling  of  the  Hospitalized  Smoker 
An  IISP  to  prepare  you  for  the  role  of  smoking  cessation 
counselor  to  hospital  inpatients.  Hospitalization  presents  a 
unique  opportunity  to  assist  patients  to  quit  smoking.  This 
HSP  helps  you  understand  the  role  of  the  bedside  nicotine- 
dependence  counselor  and  how  to  assess  the  inpatient 
smoker.  You  will  be  able  to  help  patients  cope  with 
nicotine  withdrawal,  increase  motivation  for  permanent 
cessation,  and  be  able  to  understand  factors  contnbuting  to 
smoking  relapse. 
Item  SC2  —  $10  Ea 
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than  deposition  in  protected  patients 
(6.39  ±  3.07  mg,  p  =  NS).  Most  of  the 
variability  in  deposition  was  ac- 
counted for  by  variability  in  nebulizer 
output  (r  =  0.919,  p  <  0.001 ).  Deposi- 
tion did  not  significantly  correlate 
with  any  of  the  measured  breathing 
parameters.  Serial  deposition  meas- 
urements were  not  significantly  dif- 
ferent by  paired  analysis.  The  inci- 
dence of  P  carina  pneumonia  did  not 
correlate  with  any  measured  patient 
characteristic.  CONCLUSIONS:  Fail- 
ure of  aerosolized  pentamidine  pro- 
phyla.xis  is  not  related  to  total  lung 
dose  of  pentamidine.  Other  factors 
such  as  inadequate  microsct)pic  dep- 
osition between  ai\eoli.  pentamidine 
clearance,  or  drug  resistance  ma\  be 
important.  In  HIV-infected  patients, 
interpatient  variability  in  aerosol  dep- 
osition can  be  reduced  by  reducing 
\ariability  in  nehuli/er  output  rather 
than  control  of  breathing  pattern. 
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Bear  Medical  Systems 800-366-2327 
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Ciba-Corning  Diagnostics     800-255-3232 
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Interlahoraton  and  Intralabora- 
tory  Xariabilit)  in  Pulmonary 
Function  Testing;:  .\  L^-^'ear  ,Stud> 
Using  a  Normal  Hiolojiic  Control — 

KM  Kangalec.  KT  Abboud.  Chest 
1992:101:88. 

The  purpose  of  this  study  was  to  doc- 
ument the  precision  with  which 
measurements  can  be  made  on  a  nor- 
mal subject  as  a  "biologic  control" 
when  comparisons  are  made  both  on 
an  intralaboratory  and  interlabor- 
atory  basis.  One  indi\  idual  had  a 
total  of  about  300  routine  pulmonary 
function  measurements  in  22  labor- 
atories during  a  13-year  period.  In 
this  study,  significant  \ariation  was 
found  in  interlaboratory  testing, 
while  less  \ariation  was  found  in 
intralaboratory  measurements.  This 
technique  of  periodic  testing  of  nor- 
mal indi\iduals  as  biologic  controls 
is  useful  for  documenting  reproduc- 
ibility and  precision:  evaluation  of 
accuracy  will  require  a  check  of  the 
physical  calibration  of  the  equip- 
ment. The  testing  (on  at  least  a 
monthly  basis)  of  a  normal  non- 
smoking subject  as  a  biologic  control 
is  recommended  as  an  integral  com- 
ponent of  quality  assurance  in  the 
pulmonar>  function  laboratory. 


Respiratory  Tract  Infection  Com- 
plicating Transtracheal  Ovygcn 
Therapy — JI  Couser  Jr.  BJ  Make. 
Chest  1992:101:273. 

Transtracheal  oxygen  is  generally 
well  tolerated  in  patients  with 
chronic  h\poxemia.  Minor  complica- 
tions arc  common,  but  there  are  few 
reports  of  serious  rcspiraiorx  tract 
infections  associated  with  trans- 
tracheal oxNgen  therapy.  We  de- 
scribe 4  patients  w  ith  interstitial  lung 
disease  who  had  frequent  lower  res- 
piratory tract  infections  requiring 
hospitalization  after  initiation  of 
transtracheal  oxygen  therapy. 


Hospital  and  Posthospital  Survival 
in  Patients  Mechanically  \  en- 
tilated  for  .More  than  29  Days— DR 
Gracey.  JM  Naessens.  1  Krishan.  HM 
Marsh.  Chest  1992:101:211. 

Experience  with  prolonged  mechan- 
ical ventilation  has  improved  over 
recent  years.  Retrospective  analysis 
of  the  records  of  104  patients  older 
than  16  years  of  age  who  were 
mechanically  ventilated  for  more 
than  29  days  over  a  29-month  period 
from  May  1986  to  October  1988 
revealed  the  following  findings.  The 
mean  patient  age  was  66.3  ±  15.7 
years  (SD).  The  mean  number  of  in- 
hospital  ventilator  days  was 
59.9  ±36.7  days  (range  29  to  247 
days).  The  mean  number  of  days  of 
oral  or  nasal  endotracheal  intubation 
prior  to  tracheostomy  (96  patients) 
was  21.5114.2  days.  The  mean 
length  of  hospital  stay  for  the  104 
patients  was  79.9  ±  45.4  days.  The 
majority  of  the  104  patients  (82.6%) 
were  surgical  patients.  Nine  patients 
left  the  hospital  receiving  extended 
mechanical  ventilation.  Mortality 
was  highest  in  multiple  organ  system 
failure  and  lowest  among  the  trauma 
patients.  The  total  days  of  mechan- 
ical ventilation  did  not  appear  to  be 
related  to  mortality  if  patients  older 
than  16  years  survived  for  7  days. 
Postdischarge  survival  of  the  53  of 
60  patients  who  survived  and  whom 
we  were  able  to  contact  was  67%  at 
1  year  and  56%  at  3  years. 

Improvement  in  Kxercisc  Capacity 
after  Nocturnal  Positive  Pressure 
M'ntihition  and  Tracheostomy  in  a 
Postpoliomyelitis  Patient — CA  Vaz 

Fragoso.   RM    Kacmarek.   DM   Sys- 

troni.  Chest  14'):;  101  ;254. 

Progressive  neuromuscular  symp- 
toms years  after  recovery  from  acute 
paralytic  poliomyelitis  ha\e  been 
termed  the  PPS.  We  describe  a  52- 
year-old  man  who  contracted  polio- 
myelitis  at   age   9  years   who  fully 
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SURVIVING  RDS 
IS  HARD  ENOUGH 


THE  LAST  THING 
HE  NEEDS  IS  IVH 


/ 


i, 


REDUCE  THE  RISK  OF 
CEREBRAL  HEMORRHAGE 


Significant  IVH  Reduction  in 
Infants  >1250g 

Despite  successes  in  improving  the  survival 
of  infants  with  RDS,  intraventricular  hemor- 
rhage (IVH)  remains  a  serious  problem." 
However,  in  a  recently  reported  placebo- 
controlled  rescue  trial  in  infants  >  1250  g, 
EXOSURF  Neonatal  actually  rec/ucec/the 
incidence  of  IVH.'  In  trials  of  smaller  infants 
(<  1250  g),  EXOSURF  Neonatal  has  never 
been  observed  to  significantly  increase  IVH. 


Incidence  of  IVH  (All  Grades) 

EXOSURF  ^H 

J   = 

III    nrn 

Km 

2% 

UCTION 

(n  =  615) 

(n  =  622) 

P=  0.036 

Two-dose  treatment-  Incidence  of  IVH  in  infants  weighing 
1250  g  or  more- 
Adapted  from  Long  et  al^""'™ 

Significant  BPD  Reduction  in 
Infants  >1250g 

In  the  rescue  trial  involving  over  1200 
infants,  administration  of  EXOSURF  Neonatal 
significantly  reduced  the  incidence  of 
bronchopulmonary  dysplasia  (BPD)  by  nearly 
50%  (P  =  0.021). 


Incidence  of  BPD  Among  RDS  Survivors 

iP£  1 

48% 

REDUCTION 

(n  =  614) 

(n  =  623) 

P=  0.021 

Two-dose  treatment-  Incidence  of  BPD  in  28-day  survivors 
following  RDS  in  infants  weighing  1250  g  or  more- 
Adapted  from  Long  et  aP""™" 


No  Increase  in  Sepsis 

No  difference  in  the  incidence  of  sepsis  has 
been  seen  with  EXOSURF  Neonatal  during 
placebo-controlled  trials  (n  =  1517).  The 
rate  of  sepsis  was  similar  in  an  open  trial  of 
11,455  infants.*^ 

No  Animal  Proteins 

EXOSURF  is  purely  synthetic  and  carries  no 
known  infectious  or  immunologic  risks. 

Other  Safety  Considerations 

Various  forms  of  pulmonary  air  leak  were 
reduced  in  all  controlled  trials.  A  single  con- 
trolled study  in  infants  500-699  g  reported 
a  significant  increase  in  pulmonary  hemor- 
rhage.' Significant  increases  in  apnea  were 
reported  in  three  controlled  trials.' '  *  Apnea 
appears  to  be  a  marker  for  improved  survival.^ 


ExOSUrf  NHONATAL ' 

(Colfosceril  Palmitate,  Cet\d  Alcohol, 

TylOXapoD  For  intratracheal  Suspension/10  mL  vial 

m 

INCREASES  RDS  SURVIVAL... 
REDUCES  RISKS^ 

Please  see  brief  summary  of  full  prescribing  information  on  following  page 

'Increased  pulmonary  hemorrfiage  was  noted  in  one  trial  of  infants  500-699  g'; 
increased  apnea  has  been  noted  in  some  trials. '^^ 


ExOSUrf  NEONATAL ' 

(Colfosceril  Palmitate,  Cet\d  Alcohol, 

lylOXapol)  For  Intratracheal  Suspension/10-mLviaI 

INCREASES  RDS  SURVIVAL. 
REDUCES  RISKS* 


'Increased  pulmonary  hemorrhage  was  noted  in  one  trial  of  infants  500-699  g'; 
increased  apnea  has  been  noted  in  some  trrals.'  ^  ^ 


PLEASE  CONSULT  FULL  PRODUCT  INFORMATION  BEFORE  PRESCRIBING 

INDICATIONS  AND  USAGE:  E)iosiJf1  Neonatal  is  mdicaleO  fof  i  Prophylactic 
treatmenl  of  mtanis  witn  Dinh  weights  ot  less  than  1350  grams  who  are  at  nsk  of 
developing  RDS  (see  PRECAUTIONS).  2  Prophylactic  Ireatment  of  infants  with 
birth  weights  greater  than  1350  grams  who  have  evidence  of  pulmonary  immaturi- 
ty, and  3  Rescue  treatment  ot  mlants  who  have  developed  RDS 
CONTRAINDICATIONS:  There  are  no  known  contraindications  to  treatment  with 
Exosurl  Neonatal 

WARNINGS:  Intratracheal  Administration  Only:  Exosurl  Neonatal  should  be 
administered  only  by  instillation  into  the  trachea  (see  DOSAGE  AND  ADMINIS- 
TRATION I  General:  The  use  of  Exosurl  Neonatal  requires  expert  clinical  care  by 
expenenced  neonatologisls  and  other  clinicians  who  are  accomplished  at  neona- 
tal intubation  and  ventilatory  management  Adequate  personnel,  facilities,  equip- 
ment, and  medications  are  required  to  optimize  pennatai  outcome  in  premature 
mlants  Vigilant  clinical  attention  should  be  given  to  all  infants  pnor  to.  dunng,  and 
after  administration  ol  Exosurl  Neonatal  Acute  Effects:  Exosurl  Neonatal  can 
rapidly  affect  oxygenation  and  lung  compliance  Lung  Compliance:  If  chest 
expansion  improves  substantially  after  dosing,  peak  ventilator  inspiratory  pres- 
sures should  be  reduced  immediately,  without  waiting  for  confirmation  ol  respira- 
tory improvement  by  blood  gas  assessment  Failure  to  reduce  inspiratory  ventila- 
tor pressures  rapidly  in  such  instances  can  result  in  lung  overdistention  and  fatal 
pulmonary  air  leak  Hyperoxia:  II  the  mlanl  becomes  pink  and  Iransculaneous 
oxygen  saturation  is  m  excess  ol  QS^e.  FiO.-  should  be  reduced  m  small  but 
repeated  steps  (until  saturation  is  90  to  95M  without  waiting  for  confirmation  of 
elevated  arienal  pO;  by  blood  gas  assessment  Failure  to  reduce  FiO:  m  sucn 
instances  can  result  in  hyperoxia  Hypocarbia:  If  arterial  or  transcutaneous  CO, 
measurements  are  <:30  torr,  the  ventilator  rale  should  be  reduced  at  once  Failure 
lo  reduce  ventilator  rales  m  such  instances  can  result  in  marked  hypocarbia 
which  IS  known  lo  reduce  brain  blood  flow  Pulmonary  Hemorrhage:  In  the  sin- 
gle study  conducted  in  infants  weighing  <700  grams  at  birth,  the  incidence  ot  pul- 
monary hemorrtiage  (10*=  vs  2°o  in  the  placebo  group)  was  significantly  increased 
in  the  Exosurl  Neonatal  group  None  ot  the  five  studies  involving  infants  with  birth 
weights  >700  grams  showed  a  significant  increase  in  pulmonary  hemorrhage  in 
the  Exosurl  Neonatal  group  In  a  cross-sludy  analysis  of  these  live  studies,  fatal 
pulmonary  hemorrhage  occurred  in  three  infants,  two  in  the  Exosurl  Neonalai 
group  and  one  m  the  placebo  group  Mortality  from  all  causes  among  infants  who 
developed  pulmonary  hemorrhage  was  43''is  in  the  placebo  group  and  37°o  m  the 
Exosurl  Neonatal  group  Pulmonary  hemorrhage  in  both  Exosurf  Neonatal  and 
placebo  infants  was  more  trequenl  in  infants  who  were  younger,  smaller,  male,  or 
who  had  a  patent  ductus  artenosus  Pulmonary  hemorrtiage  typically  occurred  in 
the  first  2  days  of  lile  m  both  treatment  groups  Mucous  Plugs:  tnlants  whose 
ventilation  becomes  markedly  impaired  dunng  or  shortly  after  dosing  may  have 
mucous  plugging  ol  Ihe  endotracheal  tube,  particularly  if  pulmonary  secretions 
were  prominent  pnor  to  drug  admmtslralion  Suctioning  of  all  infants  pnor  lo  dos- 
ing may  lessen  the  chance  of  mucous  plugs  obslnjctmg  the  endotracheal  lube  If 
endotracheal  lube  obstruction  from  such  plugs  is  suspected,  and  suctioning  is 
unsuccessful  in  removing  the  obstruction,  the  blocked  endotracheal  tube  should 
be  replaced  immediately 

PRECAUTIONS:  General:  In  the  controlled  clinical  studies,  infants  known  prena- 
tally  or  postnalally  to  have  major  congenital  anomalies,  or  who  were  suspected  ol 
having  congenital  infection,  were  excluded  Irom  entry  However,  these  disorders 
cannot  be  recognized  early  in  life  in  all  cases,  and  a  few  infants  with  these  condi- 
tions were  entered  The  benefits  of  Exosurf  Neonatal  m  the  affected  mlants  who 
received  drug  appeared  to  be  similar  lo  the  benelils  observed  in  mfanis  without 
anomalies  or  occult  infection  Prophylactic  Treatment— Infants  <700  Grams:  In 
mlants  weighing  500  lo  700  grams  a  smgie  prophylactic  dose  of  Exosurl  Neonatal 
significantly  improved  FiO?  and  ventilator  settings,  reduced  pneumothorax,  and 
reduced  death  from  RDS,  but  increased  pulmonary  hemorrhage  (see  WARN- 
INGS) Overall  mortality  did  not  differ  significantly  between  the  placebo  and 
Exosurf  Neonatal  groups  Data  on  multiple  doses  in  mfanis  m  ihis  weight  class  are 
not  yet  available  Rescue  Treatment— Number  of  Doses:  A  small  number  of 
mlants  with  RDS  have  received  more  than  two  doses  of  Exosurl  Neonatal  as  res- 
cue treatment  Delmitive  data  on  the  safety  and  eHicacy  ot  these  additional  doses 
are  not  available  Carcinogenesis.  Mutagenesis.  Impairment  of  Fertility: 
Exosurf  Neonatal  at  concentrations  up  lo  10.000  \i^p\B\e  was  not  mulagenic  in 
the  Ames  Salmonella  assay  Long-term  studies  have  not  been  performed  in  ani- 
mals to  evaluate  the  carcinogenic  potential  ol  Exosurl  Neonatal  The  elfects  of 
Exosurl  Neonatal  on  fertility  have  nol  been  sludied 
ADVERSE  REACTIONS: 

General:  Premature  birth  is  associated  with  a  high  incidence  of  morbidity  and 
mortality  Despite  sigmlicani  reductions  in  overall  mortality  associated  with 
Exosurl  Neonatal,  some  mfanis  who  received  Exosurf  Neonalai  developed  severe 
complications  and  either  survived  wilh  permanent  handicaps  or  died  In  controlled 
clinical  studies  evaluating  the  safety  and  efficacy  ol  Exosurl  Neonatal,  numerous 
salety  assessments  were  made  In  mlanis  receiving  Exosurl  Neonatal,  pulmonary 
hemorrhage,  apnea  and  use  of  methylxanthmes  were  increased  A  number  ol 
other  adverse  events  were  significantly  reduced  m  the  Exosurl  Neonatal  gioup. 
particularly  vanous  forms  ot  pulmonary  air  leak  and  use  of  pancuronium  Reflux: 
Reflux  of  Exosurl  Neonalai  mlo  the  endotracheal  tube  dunng  dosmq  has  been 
observed  and  may  be  associated  with  rapid  drug  admmlstra^on,  If  reflux  occurs. 


drug  admmistralion  should  be  halted  and,  if  necessary,  peak  inspiratory  pressure 
on  the  ventilator  should  be  increased  by  4  to  5  cm  H;0  until  the  ertdotfacfieal  tube 
clears  >20%  Drop  in  Transcutaneous  Oxygen  Saturation:  II  transcutaneous 
oxygen  saluration  declines  dunng  dosing  dnjg  administration  should  be  hatted 
and,  il  necessary,  peak  inspiratory  pressure  on  the  ventilator  should  be  increased 
by  4  to  5  cm  H7O  lor  1  lo  2  mmuies  In  addition,  increases  of  FiO:  may  be  required 
for  1  to  2  minutes 

DOSAGE  AND  ADMINISTRATION:  Preparation  ot  Suspension:  Exosurf 
Neonalai  is  besi  reconstituted  immedialely  before  use  because  it  does  not  contain 
anlibaclenal  preservatives  However,  the  reconsliluted  suspension  is  chemically 
and  physically  stable  when  stored  at  2'  lo  30-C  (36  to  86  Fi  lor  up  lo  12  hours 
following  reconslitulion  Solutions  containing  buffers  or  preservatives  should  not 
be  used  lor  reconstitution  Do  Not  Use  Bacteriostatic  Water  for  Injection,  USP. 
Each  viat  of  Exosurl  Neonatal  should  be  reconstiiuied  only  wilh  8  mL  of  the 
accompanviQ  riHupi'  f^'eservalive-free  Sterile  Water  lof  ln)eciioni  Dosage: 
Accurate  determination  of  weight  at  birth  is  the  key  to  accurate  dosing. 
Prophylactic  Treatment  The  fifsl  dose  of  Exosurl  Neonatal  should  be  admims- 
teiea  as  a  s.rn^ie  5  mLhg  oo&e  as  soon  as  possible  alter  birih  Second  and  third 
doses  should  be  administered  approximately  12  and  24  hours  later  to  all  infants 
who  remain  on  mechanical  ventilation  at  those  times  Rescue  Treatment: 
Exosurf  Neonalai  should  be  administered  in  tv^o  5  mUkq  doses  The  initial  dose 
should  be  administered  as  soon  as  possible  after  the  diagnosis  of  RDS  is  con- 
lirmed  The  second  dose  should  be  administered  approximately  12  hours  follow- 
ing the  first  dose,  provided  the  infant  remains  on  mechanical  ventilation  Use  of 
Special  Endotracheal  Tube  Adapter:  With  each  vial  of  Exosurl  Neonatal  for 
Intratracheal  Suspension  live  diflerenl  sized  endotracheal  tube  adapters  each 
wilh  a  special  nghi  angle  Luer*-lock  sideport  are  supplied  The  adapters  are  clean 
but  not  stenle  Administration:  The  infant  should  be  suctioned  pnor  lo  adminis- 
tration of  Exosurf  Neonalai  Exosurl  Neonatal  suspension  is  administered  via  the 
sideport  on  ihe  special  endotracheal  tube  adapler  WITHOUT  INTERRUPTING 
MECHANICAL  VENTILATION.  Each  Exosuil  Neonalai  dose  is  administered  m 
two  2  5  mUVg  halt-doses  Each  hatl-dose  is  instilled  slowly  over  l  lo  2  mmuies 
(30  to  50  mechanical  breaths)  in  small  bursts  timed  with  inspiration  After  the  first 
2  5  mU'Kg  half-dose  is  administered  in  the  midline  position,  the  infant's  head  and 
torso  are  turned  45  to  the  right  lor  30  seconds  while  mechanical  ventilation  is 
continued  Atier  the  infant  is  relumed  lo  Ihe  midline  position,  the  second  2  5 
mL/kg  half-dose  is  given  m  an  identical  fashion  over  another  1  lo  2  mmutes  The 
infants  head  and  lorso  are  then  turned  45  to  the  left  for  30  seconds  while 
mechanical  ventilation  is  continued,  and  the  mlant  is  then  tumed  back  to  the  mid- 
line position  These  maneuvers  allow  gravity  lo  assist  m  the  distnbution  of  Exosurf 
Neonatal  in  the  lungs  Dunng  dosing,  heart  rate,  color,  chest  expansion,  laaal 
expressions,  Ihe  oximeter  and  the  endotracheal  tube  patency  and  posilion  shoukj 
be  monitored  Suctioning  should  nol  be  performed  for  two  hours  after 
Exosurf  Neonatal  is  administered,  except  when  dictated  by  clinical  neces- 
sity. 

HOW  SUPPLIED:  Exosurl  Neonatal  for  Intratracheal  Suspension  is  supplied  m  a 
carion  containing  one  tO  mL  vial  ol  Exosurf  Neonatal  lor  Intratracheal 
Suspension,  one  10  mL  vial  of  Slenle  Water  for  Iniection,  and  five  endotracheal 
tube  adapters  (2  5,  3 0,  3 5  40.  and  4  5  mm  I  0)  (NDC  0081-0207-01)  Store 
Exosurt  Neonalai  for  Intratracheal  Suspension  at  15  to  30'C  (59  lo  86  f)  m  a 
dry  place 

EDUCATIONAL  MATERIAL:  A  videotape  on  dosing  is  available  from  your 
Burroughs  Wellcome  Co  representative.  This  videotape  demonstrales  techniques 
lor  safe  admmislration  ol  Exosurl  Neonatal  and  should  be  viewed  by  health  care 
professionals  who  will  administer  the  dnjg 
Licensed  under  U  S  Patent  Nos  4312860  and  4826821  500009 
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recovered  and  33  years  later  devel- 
oped progressive  dyspnea.  Neuro- 
logic evaluation  revealed  bilateral 
paralysis  of  the  vocal  cords,  gener- 
alized weakness,  and  accentuated 
mouth  occlusion  pressure  and  ven- 
tilatory responses  to  hypercapnic. 
hyperoxic  breathing.  An  EMG  and 
muscle  biopsy  showed  changes  con- 
sistent with  acute  and  chronic  den- 
ervation. Cardiopulmonary  exercise 
evaluation  demonstrated  a  pulmo- 
nary mechanical  limit  with  excessive 
ventilation  relative  to  CO:  output. 
Tracheostomy  and  nocturnal  positive 
pressure  ventilation  resulted  in  in- 
creased respiratory  muscle  strength, 
normalization  of  ventilatory  drive 
and  marked  improvement  in  exercise 
capacity. 

Utility  of  the  Peak  Expiratory 
Flow  Rate  in  the  Differentiation  of 
-Acute  Dyspnea:  Cardiac  vs  Pul- 
monary Origin — RM  .VIcNamara. 
DJCionni.  Chest  1992;  101 :  129. 

This  stud)  examined  the  utilitv  of  a 
peak  expiratory  flow  rate  (PEFR) 
measurement  in  the  differentiation  of 
acute  moderate  to  severe  dyspnea 
secondary  to  congestive  heart  failure 
or  chronic  lung  disease.  A  PEFR  was 
determined  in  41  episodes  of  acute 
respiratory  distress  in  40  patients 
prior  to  emergency  department  ther- 
apy. The  mean  PEFR  ±  SD  for  the 
congestive  heart  failure  group 
(n  =  18)  was  224  ±  82  L/mm.  vvhich 
was  significantly  higher  (p  <  0.001) 
than  that  of  the  chronic  lunc  disease 
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group  (n  -  23).  which  had  a  mean 
PEFR  of  108  ±  49  L/min.  No  single 
cutoff  value  allowed  lOO^f-  accurate 
classification,  but  the  results  suggest 
that  the  PEFR  may  be  a  useful 
adjunctive  tool  in  the  differentiation 
of  acute  dyspnea  of  cardiac  vs  pul- 
monary origin. 

The  Effects  on  Survival  of  Early 
Treatment  of  Human  Immuno- 
deficiency Virus  Infection —  NMH 

Graham.  SL  Zeger.  LP  Park,  SH 
Vermund.  R  Detels.  CR  Rinaldo.  JP 
Phair.  N  Engl  J  Med  1992:326:1037. 

BACKGROUND:    Zidovudine    has 
been  shown  to  prolong  survival  in 
patients  with  the  acquired  immuno- 
deficiency syndrome  (AIDS)  and.  in 
persons    with    human    immunodefi- 
ciency virus  (HIV)  infection  but  not 
.AIDS,   to  delay  the  progression   to 
AIDS.  However,  it  is  still  uncertain 
whether  treatment  before  the  devel- 
opment of  AIDS  prolongs  survival. 
METHODS:  We  analyzed  data  from 
a  cohort  of  2,162  high-risk  men  who 
were   already   seropositive   for  HIV 
Type   1   ( HIV- 1 )  and  406  men  who 
seroconverted    from    October    1986 
through  April  1991.  There  were  306 
deaths.    The    probabilities    of  death 
were  compared  among  men  at  sim- 
ilar   stages    of  disease    who    began 
zidovudine  therapy  before  the  diag- 
nosis of  AIDS  and  among  those  who 
did  not.  Relative  risks  of  death  were 
calculated  for  each  of  five  initial  dis- 
ease states  on  the  basis  of  CD4-(-  cell 
counts   and   clinical   symptoms   and 
signs  appearing  over  follow-up  peri- 
ods of  6.    12.    18.  and  24  months. 
Adjustments  were  also  made  for  the 
use  of  prophylaxis  against  Pneumo- 
cystis    carina     pneumonia     (PCP). 
RESULTS:  After  we  ctwtrolled  for 
CD4+  cell  count  and  symptoms,  the 
use  of  zidovudine  with  or  without 
PCP  prophv laxis  before  the  develop- 
ment of  AIDS  significantly  reduced 
mortality   in   all    follow-up   periods. 
The  relative  risks  of  death  were  0.43 


(95%  confidence  interval.  CI,  0.23  to 
0.78)  at  6  mo.  0.54  (gs^f  CI  0.38  to 
0.78)  at  12  mo.  0.59  (95'7r  CI  0.44  to 
0.79)  at  18  mo.  and  0.67  (959f  CI 
0.52  to  0.86)  at  24  mo.  After  we 
adjusted  for  the  effects  of  PCP  pro- 
phylaxis, zidovudine  alone  signifi- 
cantly reduced  monality  at  6,  12.  and 
18  mo  (relative  risks  0.45.  0.59.  and 
0.70,  respectively),  but  not  at  24  mo 
(relative  risk  0.81).  Among  zido- 
vudine users,  those  who  also  used 
PCP  prophylaxis  before  the  develop- 
ment of  AIDS  had  significantly 
lower  mortality  at  1 8  and  24  mo  than 
those  who  did  not  (relative  risks  0.62 
and  0.60.  respectively).  CONCLU- 
SIONS: The  results  of  this  study  sup- 
port the  hypothesis  that  in  HlV-1 
infection,  early  treatment  with  zidov- 
udine and  PCP  prophylaxis  improves 
survival  in  addition  to  slowing  the 
progression  to  AIDS. 

Transfusion-Induced  Changes  in 
the  Breathing  Pattern  of  Healthy 
Preterm  .Anemic  Infants — P  Sasid- 
haran,  R  Heimler.  Pediatr  Pulmonol 
1992:3:170. 

In  order  to  evaluate  the  effects  of 
transfusion  on  breathing  pattern  in 
growing,  otherwise  health),  anemic 
preterm  infants,  we  studied  14 
infants  whose  mean  (SD)  birth  weight 
was  1.212  (294)  g,  gestational  age 
29.28  (2.23)  weeks,  and  hematocrit 
25.86  (2.24)%.  At  a  mean  postnatal 
age  of  41.35  (19.45)  days,  12-hour 
nocturnal  (transthoracic  impedance) 
pneumocardiograms  were  obtained 
24  hours  prior  to  and  after  trans- 
fusion with  1 0  mL/kg  of  packed  red 
blood  cells.  Posttransfusion  pneumo- 
cardiograms revealed  significant 
reduction  of  periodic  breathing,  of 
apnea  episodes  with  11-15  second 
duration,  of  apnea  density,  and  of 
heart  rate.  These  findings  indicate 
that  transfusion  with  packed  red 
blood  cells  significantly  alters  certain 
cardiorespiratory  variables  in  anemic 
pretemi  infants. 
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"Grandma,  What's  This  Light  For?" 


The  Companion®  Oxygen 
Concentration  Indicator  (OCI"^'^)  is 
available  exclusively  on  our  492a  and 
590  Oxygen  Concentrators. 

As  the  benefits  of  long-term  oxygen 
therapy  hove  become  more  evident, 
there  is  on  increased  need  to  provide  a 
reliable  and  economical  method  to 
verify  adequate  levels  of  continuous 
oxygen  in  the  home. 

The  OCI  does  this  without  the  need  for 
routine  maintenance.  It  can  be  ordered 
when  you  specify  our  oxygen 
concentrator. 


We  think  we  make  the  most  reliable  and 
innovative  concentrators  on  the  market; 
you  will  too. 

For  more  information  about  OCI  or 
oxygen  concentrators  coil: 
I -800-248-0890  (Press  2). 
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Inhaled  Albuterol  Powder  for  Pul- 
monary  Function  Testing — H  van 

Lunicren.  A  Coicno.  Clicsl  1992; 
101:985. 

To  assess  the  role  of  albuterol  piiw  - 
der  in  testing  for  reversibility  of  air- 
flov\  obstruction  during  routine  pul- 
monary function  testing,  spirometric 
data  from  subjects  with  baseline 
FEV|/FVC  <  707f  and  FEV,  <  80% 
predicted  who  received  inhaled  albu- 
terol powder  (n  -  42)  were  com- 
pared with  those  who  received  iso- 
etharine  aerosol  via  metered  dose 
inhaler  (n  =  49).  Prebronchodilator 
lung  function  was  comparable  for  the 
albuterol  and  isoetharine  groups. 
With  albuterol  powder,  14  (33%)  of 
42  subjects  showed  reversibility  of 
airflow  obstruction  (defined  as  a 
15%  or  greater  improvement  in 
either  FEV|  or  FVC)  as  compared 
with  30  (61%)  of  49  subjects  with 
isoetharine  aerosol.  The  significantly 
(p<0.01)  lower  rate  of  improve- 
ment with  albuterol  powder  was 
especially  prominent  in  subjects  with 
moderate  airflow  obstruction  (FEVi/ 
FVC  of  45%  to  59% ).  These  data  do 
not  support  the  substitution  of 
inhaled  albuterol  powder  for  iso- 
etharine aerosol  in  assessing  for 
reversibility  of  airflow  obstruction 
during  routine  pulmonary  function 
testing. 

Evaluation  of  Accuracy  and 
Reproducibility  of  Peak  Flow- 
meters at  1,400  m — RM  Gardner, 
RO  Crapo.  BR  Jackson,  RL  Jensen. 
Chest  1992:101:948. 

Peak  flowmeters  provide  physicians 
and  patients  with  objective  measures 
about  changes  in  pulmonary  obstruc- 
tion. We  evaluated  eight  models  of 
peak  flowmeters  and  measured  their 
accuracy  and  reproducibility  with 
methods  recently  recommended  by 
the  National  Asthma  Education  Pro- 
gram (NAEP).  Waveforms  from  the 
American  Thoracic  Society's  spiro- 


meter testing  set  were  used  to  dri\  e  a 
computer-controlled  syringe.  Testing 
was  done  at  Salt  Lake  City  at  an  alti- 
tude 1,400  m.  It  appears  that  the 
original  Wright  peak  flowmeter  has 
been  used  as  the  "de  facto"  standard. 
We  found  that  the  original  Wright 
peak  Howmeter  overestimated  flows 
in  its  inidrange:  and,  as  a  con- 
sequence, most  of  the  other  peak 
flowmeters  also  overestimated  peak 
flows.  The  overestimation  of  peak 
flows  may  have  been  understated 
because  of  the  1 ,400-m  altitude  test- 
ing site.  To  the  credit  of  the  instru- 
ment manufacturers,  we  were  pleas- 
antly surprised  with  the  quality, 
accuracy,  and  reproducibility  of  pres- 
ently available  peak  flowmeters; 
however,  as  a  result  of  our  testing, 
we  suspect  that  with  little  effort, 
manufacturers  of  peak  flowmeters 
could  impro\e  the  accuracy  of  their 
devices.  Standardized  testing  meth- 
ods and  equipment  should  make  the 
task  of  peak  tlov\'meter  design,  man- 
ufacture, and  testing  e\en  easier.  We 
trust  that  manufacturers  of  peak 
flowmeters  will  respond  appropri- 
ately and  improxe  their  instruments. 

The  Adult  Respiratory  Distress 
Syndrome:  A  Report  of  Survival 
and       Modifying       Factors — MR 

Suchyta.  TP  Clemmer.  CG  Elliott.  JF 
Orme.  LK  Weaver.  Chest  1992;  101: 
1074. 

The  adult  respiratory  distress  syn- 
drome (ARDS)  is  a  form  of  acute 
lung  injury  characterized  by  arterial 
hypo.xemia,  reduced  thoracic  com- 
pliance, normal  pulmonary  capillary 
wedge  pressure,  and  diffuse  infil- 
trates on  chest  roentgenograms.  Mor- 
tality remains  high  and  has  been 
associated  with  sepsis,  organ  failure, 
age  and  predisposing  factors.  We 
prospectively  identified  215  ARDS 
patients  over  34  mo  to  examine  how 
these  factors  influence  outcome.  102 
(47%)  of  215  patients  survived.  Age 
65  vears  or  older  was  associated  w  ith 


a  survival  of  34%,  which  was  statis- 
tically different  from  the  53%  sur- 
vival of  those  patients  younger  than 
65  years  (p  -  0.02).  Aspiration  pneu- 
monia as  a  predisposing  factor  of 
ARDS  was  associated  with  a  better 
survival  (p  =  0.04).  Survivors  had 
statistically  less  organ  failure  and 
sepsis  than  did  nonsurvivors 
(p  <  0.05).  Cause  of  death  was  deter- 
mined using  the  criteria  of  Mont- 
gomery et  al  for  irreversible  organ 
dysfunction.  45  (40%)  of  our  patients 
died  of  respiratory  failure  (not  sep- 
sis). We  conclude  the  following:  (1) 
survival  in  our  ARDS  patients  is  dif- 
ferent from  previous  reports:  (2)  the 
cause  of  death  in  our  ARDS  patients 
is  different  from  that  reported  by 
Montgomery  et  al  in  1985;  and  (3) 
multisystem  organ  failure,  sepsis, 
age,  and  some  predisposing  factors 
of  ARDS  continue  to  be  associated 
with  decreased  survival  of  ARDS 
patients. 

Oxygen  May  Lower  the  O:  Cost  of 
Ventilation  in  Chronic  Obstructive 
Lung  Disease — ET  Mannix.  F  Man- 
fredi.  P  Palange,  IRG  Dowdeswell. 
MO  Farber.  Chest  1992;101:910. 

It  is  known  that  the  O:  cost  of  ven- 
tilation (COV)  in  chronic  obstructive 
lung  disease  (COLD)  is  high:  O: 
administration  to  these  patients  low- 
ers airway  resistance,  a  major  deter- 
minant of  the  COV.  Thus.  O:  should 
lower  the  COV.  We  measured  the 
COV  in  10  stable  COLD  patients  and 
5  normal  control  subjects  breathing 
room  air  and  30%  O;.  Results  indi- 
cate that  the  COV  of  our  patients 
was  elevated  above  that  of  control 
subjects,  was  related  to  disease 
severity,  and  was  decreased  with 
30%  O:.  The  COV  of  control  sub- 
jects also  was  lowered  by  O:.  At  rest, 
O:  lowered  minute  ventilation  (\t), 
ventilatory  equivalent  for  O:  (VEQ 
O:)  VEQ  O:.  and  heart  rate  (HR). 
During  submaximal  exercise,  O: 
lowered  \fe,  reduced  VEQ  O:,  and 
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THE  IL  IMPACT" 
BLOOD  GAS  DATA 
MANAGEMENT 
SYSTEM 

IMPACT  NETWORKING  INCREASES 
LAB  EFFICIENCY 

The  NEW  Instaimentation  Laboratory 
IMPACT™  Blood  Gas  Data  Manage- 
ment System  is  a  totally  automated 
quality  assurance  system.  Its  low-cost 
networking  capability  allows  you  to 
collect  data  from  multiple  IL  blood  gas 
and  CO-Oximeter~  analyzers.  Store 
the  results  in  one  location.  Direct 
information  wherever  it's  needed.  This 
simplifies  QC  and  maintenance  moni- 
toring and  increases  the  efficiency  of 
your  lab. 

IMPACT  QC  MANAGEMENT  SIMPLIFIES 
CLIA  COMPLIANCE 

The  IMPACT""  system  simplifies 
CLIA  compliance  for  you  as  well.  It's 
designed  to  make  CLIA  compliance 
effortless  and  efficient.  The  system 
captures  patient,  QC,  calibration  and 
maintenance  data  and  automatically 
produces  all  the  quality  control  docu- 
ments and  reports  you  need  for  labo- 
ratory accreditafion  and  certification. 

IMPACT  SYSTEM  IS  EXCEPTIONALLY 
EASY  TO  USE 

The  system  is  exceptionally  easy  to 
use.  Patient  data  entry  involves  only 
one  screen.  You  simply  enter  a  pass- 
word and  the  patient's  last  name  or 
ID  number.  Calibration  and  routine 
maintenance  data  are  captured,  and 
reports  are  generated  as  required  — 
all  automatically.  Incidentally,  ii  you'd 
like  to  see  how  your  statistics  com- 
pare with  other  labs,  you  can  mail 
your  QC  statistics  directly  to  the  IL 
AccuTrak*  Stati.stics  .Services  Center. 

For  efficient  netwc)rking,  auto- 
mated QC  management,  and  CLLA 
compliance,  contact  your  IL  represen- 
tative, or  call  toll  free:  I-800-9S5-9525. 
And  ask  for  your  free 
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extended  total  exercise  time.  An 
in\eise  conelation  was  noted 
between  COV  and  maximal  O: 
uptake.  Thus,  in  stable  COLD,  the 
COV  is  ele\ated  in  proportion  to  the 
degree  of  airway  obstruction, 
inversely  related  to  exercise  capac- 
ity, and  lowered  by  O:  administra- 
tion. 

Pulmonary  Sequelae  at  Six  Months 
following  Extracorporeal  Mem- 
brane  Oxygenation — M   Garg.    SI 

Kurzner.  DB  Bautista.  CD  Lew.  AD 
Ramos.  ACG  Platzker.  et  al.  Chest 
1992:101:1086. 

Mechanical  assisted  ventilation  for 
neonatal  respiratory  failure  is  asso- 
ciated with  residual  lung  disease. 
Because  ECMO  rests  the  lungs,   it 


has  been  suggested  that  ECMO  v\ill 
prevent  chronic  lung  disease  in  sur- 
vivors. To  determine  whether  or  luit 
ECMO  sur\ivors  have  evidence  ot 
pulmonary  sequelae,  we  studied  19 
infants  who  were  treated  with 
ECMO  for  neonatal  respiratory  fail- 
ure. Ten  infants  still  required  supple- 
mental oxygen  or  pulmonary  med- 
ications or  both  to  treat  clinical  lung 
disease  during  the  first  6  mo  of  life. 
Thoracic  gas  volume  was  normal. 
Pulmonary  mechanics  in  ECMO  sur- 
vivors were  compared  with  those  of 
13  preterm  infants  with  BPD  at  sim- 
ilar age.  We  conclude  that  a  sig- 
nificant proportion  of  ECMO  sur- 
\ i\ors  have  residual  abnormalities  in 
pulmonary  mechanics  at  6  ino  of 
age.  We  speculate  that  neonatal  lung 
injury  due  to  meconium  aspiration 
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and  other  causes  is  a  more  important 
determinant  of  abnormal  pulmonary 
sequelae  ihan  the  method  oi  ireat- 
mcnt. 

K.stimation  of  Arterial  Carbon 
Dioxide  by  End-Tidal  and  Trans- 
cutaneous Pco:  Measurements  in 
Ventilated  Children  Y  Sivan.  MK 
Eldadah.  T-E  Cheah.  CJL  Newth. 
Pediatr  Pulmonol  1 992: 1 2: 1 53. 

Simultaneous  measurements  of  arte- 
rial, end-tidal,  and  transcutaneous 
carbon  dioxide  (Paco:.  Peico;,  Ptcco;, 
respectively)  were  obtained  in  134 
children  receiving  mechanical  venti- 
lation (ages  2  days  to  16  years:  mean 
2.5  years).  The  mean  (SD)  Peico:  bias 
(PacO:  -  Peico;)  was  3.4  (6.6)  torr. 
When  the  Pctco;  bias  was  plotted 
against  the  P;i02/Pao:  ratio,  a  change 
in  the  scatter  was  obvious  at  about 
0.3.  The  Petco:  bias  for  patients  with 
PaoVPAO:  under  0.3  was  7.8  (7.3) 
torr  compared  to  0  (3.4)  in  patients 
with  Pa02/PA0:  above  0.3  (p  <  0.001 ). 
Petco:  differed  significantly  from 
PaCO:  (p<  0.001)  only  lor  patients 
with  Pa02/PA02  under  0.3.  The  slope 
(P.iro:  versus  PctcO;)  for  these 
patients  was  1.59,  while  the  slope  for 
patients  with  PaO^/PAO:  above  0.3 
coincided  with  the  line  of  identity 
(1.00).  The  mean(SD)  Ptcco;  bias 
(PaCO:  -  Ptcco;)  was  -1.3  ±7.2  torr. 
Skin  perfusion  was  recorded  at  the 
area  close  to  the  transcutaneous  CO: 
monitor  electrode  and  was  defined  as 
normal  when  capillary  refill  was 
below  3  seconds.  The  P1CCO2  bias  for 
patients  with  normal  skin  perfusion 
was  -0.2(5.4)  torr  (p  =  0.73)  com- 
pared to  -4.1  (9.9)  for  patients  with 
decreased  skin  perfusion  (p  =  0.01). 
The  slope  of  Picco:  against  P,,co:  was 
closer  to  identity  in  patients  with 
normal  skin  perfusion  (1.17)  than  in 
patients  where  it  was  decreased 
(slope  1.40).  We  suggest  that  PaCO: 
estimation  by  both  Petco:  and  PtccO: 
is  sufficiently  precise  and  reliable  for 
clinical  use  in  critically  ill  children. 
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Certain  limitalions  stem  from  the 
nature  of  the  techniques.  Measure- 
ment (if  aheiilar  to  arterial  O:  ratio 
ma\  improve  the  precision  of  Paco; 
estimation  by  capnography;  assess- 
ment of  skin  perfusion  is  important 
in  order  to  increase  the  accuracy  of 
the  transcutaneous  method,  espe- 
cially in  critically  ill  children. 


Correcting  for  the  Bernoulli  Kffect 
in  Lateral  Pressure  Measure- 
ments—J  HT  Bates.  PD  Sly.  J  Sato. 
BLK  Davey.  B  Suki.  Pediatr  Pulmo- 
niil  I W2;  I  2:2.^1. 

Measurement  o\'  air\\a_\  pressure  is 
essential  in  the  study  of  respiratory 
mechanics,  and  is  usually  done  via  a 
lateral  tap  in  the  conduit  (eg.  endo- 
tracheal   tube,    cannula,    or    mouth- 


piece) leading  into  the  subject's  air- 
way. Such  pressure  measurements. 
hov\e\er.  may  be  severely  affected 
by  the  Bernoulli  effect  if  the  diam- 
eter of  the  conduit  is  small  and  the 
gas  flow  through  it  sufficiently  high. 
We  present  in  this  note  a  simple 
method  of  assessing  whether  or  not 
the  Bernoulli  effect  is  important  in 
any  particular  situation.  The  tech- 
nique invoKes  comparing  the  pres- 
sure-flow relationships  of  the  conduit 
obtained  both  by  blowing  air  through 
it  from  one  end  and  sucking  air  in  the 
re\erse  direction  by  appKing  neg- 
ative pressure  at  the  same  end.  If  the 
resistance  of  the  conduit  is  the  same 
for  gas  flow  in  both  directions,  then 
half  the  magnitude  of  the  difference 
between  the  tv\o  pressure-tlow  rela- 
tionships gives  the  magnitude  of  the 
Bernoulli  effect  pressure.   We  give 


results  of  an  experimental  situation 
in  which  this  was  the  case.  We  also 
show  that  those  conditions  under 
which  the  Bernoulli  effect  is  likely  to 
be  a  problem  are  also  those  under 
which  the  velocity  profile  is  likely  to 
be  approximateh  fiat,  thereby  per- 
mitting the  magnitude  of  the  Ber- 
noulli effect  to  be  easily  calculated. 


.Allergic  .Alveolitis  in  a  12-^■ear- 
Old  Boy:  Treatment  with  Budes- 
onide    Nebulizing    Solution — K-H 

Carlsen.  J  Leegaard.  C)D  l.und.  H 
Skjierxik.  Pediatr  Pulnionol  1492:12: 
257. 

Allergic  alveolitis  due  to  bird  anti- 
gens was  diagnosed  in  a  12-year-old 
boy.  He  suffered  from  cough,  dysp- 
nea,   easy    fatigue,    anorexia,    and 
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severe  weight  loss.  The  diagnosis 
was  verified  by  a  gradual  impro\e- 
niciii  w  hen  he  was  removed  from  the 
hirds.  exacerbation  upon  re-expos- 
iire.  and  the  demonstration  of  serum 
precipitating  antibodies  against  bird 
antigens.  The  patient  recovered  com- 
pletely after  a  short  course  of  oral 
prednisolone,  treatment  with  inhaled 
nebulized  budesonide  for  3  months, 
and  removal  of  the  birds  from  his 
home. 

\  ariability  of  Respiratory  System 
Compliance  in  Mechanically  Ven- 
tilated Infants — K  Muramatsu.  K 
Yukitake.  T  Oda.  Pediatr  Pulnionol 
1W2:12;140. 

We  measured  respiratory  flow,  vol- 
ume b\  integrated  flow,  and  airway 
pressure  in  4  mechanically  ventilated 
infants.  Compliance  of  the  respi- 
ratory system  (C^)  was  measured  by 
the  multiple  occlusion  method.  Air- 
way occlusion  and  release  were 
achieved  by  a  balloon  in  an  occlu- 
sion valve  between  the  endotracheal 
tLibe  and  a  pneumotachomcler.  all 
connected  in  series  with  the  res- 
pirator circuit.  Values  of  Cr^  varied 
greatly  due  to  changes  in  mean  air- 
way pressure  (MAP).  The  Crs 
increased  with  the  ele\  ation  of  MAP 
on  some  occasions  and  decreased  on 
others.  Values  of  C,^  also  varied  cor- 
responding to  different  occlusion 
pressures  for  indisidual  levels  of 
M.-XP.  Thus  C,s  changed  continu- 
ously, even  \sithin  a  single  respi- 
ratory cycle,  the  obserxed  variability 
in  Cs  was  explained  by  the  fol- 
lowing mechanism:  a  pressure- 
\olume  iP-V)  loop  of  tidal  ventila- 
iion  mo\cs  its  position  within  the 
prcssure-vokune  diagram  and 
changes  shape  tlue  to  variations  ot 
I  he  ventilator  settings.  In  some 
mfants  the  lungs  were  ventilated  in 
the  range  of  the  linear  portion  of  the 
P-V  diagram  while  in  others  they 
ma\  ha\e  been  \entilated  on  the  tlat- 
tencd    portion.    Some    patients    had 


convex  expiratory  P-V  curses  even 
with  low  pressure  swings  during 
tidal  \entilation. 

Nonlinear  Pressure-\  olume  Rela- 
tionship and  Measurements  of 
Lung   Mechanics   in    Infant.s — GS 

Neto.  T  Gerhardt.  A  Silberberg,  T 
Gerhardt.  N  Claure.  S  Duara.  E  Ban- 
calari.  Pediatr  Pulmonol  1992:12: 
146. 

We  examined  the  effects  of  within- 
hreath  changes  in  compliance  (C) 
upon  the  accuracN  of  measurements 
of  compliance  and  resistance  (R)  by 
linear  regression  analysis  and  by 
Mead  and  Wittenberger's  method. 
These  effects  were  illustrated  by  a 
computer  model  and  by  lung  models 
with  linear  and  nonlinear  pressure/ 
\olume  relationships,  and  were  also 
siudied  in  14  normal  spontaneously 
breathing  premature  infants  (mean 
|SD|  birthweighi  1.290  |2(M)|  g.  ges- 
tational age  29.9  [2.7]  weeks,  age  7.4 
12.1]  days).  Flow  was  measured  by 
pneumotachograph)  and  tidal  vol- 
ume was  derived  as  digitally  inte- 
grated flow,  and  transpulmonary 
pressure  as  airway  minus  esophageal 
pressure.  We  found  that  C  and  R  cal- 
culated from  the  equation  of  motion 
is  accurate  only  if  C  and  R  remain 
constant  throughout  the  respiratory 
cycle.  Calculated  compliance  de- 
pends more  on  C  at  the  end  than  at 
the  beginning  of  inspiration.  A 
decreasing  C  leads  to  under- 
estimation of  R.  while  an  increasing 
C  leads  to  an  overesiiniation  of 
inspiratory  R.  Calculated  total  R  nia\ 
be  accurate,  but  w  ith  low  r  \  alues  for 
measurement  points.  Mead  and  W'it- 
tenberger's  method  and  the  regres- 
sion method  are  similarl\  affected  by 
changing  C;  howe\er.  since  the 
regression  method  is  based  on  many 
more  measurement  points  and  there- 
fore allows  the  detection  and  analy- 
sis of  w  ithin-breaili  changes  of  C  and 
R.  it  is  less  prone  to  erroneous  results 
secondary  to  signal  artifacts  than 
Mead  and  Wittenbersier's  method. 
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7olproof  operation 

;  virtually  impossible  to  use  OptiHaler  wrong. 
tients  simply  begin  inhaling  through  the 
'>uthpiece  and  press  down  on  the  MDI  canister, 
tuating  the  MDI  enables  them  to  take  a  full, 
ep  breath  and  delivers  an  optimal  drug 
se,  regardless  of  inspiratory 
w  rate. 


7>'ue  portability 

OptiHaler's  unique  design  makes  it  smaller  than  conven- 
tional spacers,  so  it  can  go  anywhere  your  patients 
go.  (It  even  has  a  built-in  canister  holder.) 
And,  because  it's  so  elegantly  simple, 
it's  easier  to  keep  clean,  too. 

Make  sure  your  patients  get  the  full 
benefit  of  their  MDI  medication. 
Recommend  OptiHaler.  For 
more  information  or  to 
order,  call  toll  free 
1-800-962-1266. 
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It  is  fer}i\ps  one  of  the  most  important  features 
OF  IL's  latest,  most  advanced  blood  gas  analyz- 
er, BECAUSE  IT  allows  YOU  TO  ECONOMICALLY  MEET 
EXPANDING  NEEDS.  THE  IL  BG3™  BLOOD  GAS  ANALYZER 
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unit  aspirates  90^x1  or  70^L 
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1  containers  without  the  need 
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TION  PROFILE  AVAILABLE. 

So  WTTH  THE  303"  ANALYZER,  WHEN 
DEMANDS  GROW,  AND  YOUR  NEEDS 
GROW,  YOUR  CAPABILITIES  GROW 
WITH  YOU. 

BLT  there's  a  lot  MORE  TO  THE  BG3'" 
ANALYZER  THAN  JUST  UPGRADEABILITY. 


RELIABILITY. 

IL's  UNIQUE  FEATLIRES  OF  SEQUENTIAL  SAMPLE  INTRO- 
DUCTION, FULL  SAMPLE  VISIBILITY  TO  DETECT 
MICROBUBBLES  AND  CLOTS  AND  SHORT  PATH  DESIGN 
INCORPORATING  REVERSE  FLUSH  FLUIDICS  ELIMINATES 
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The  BG3™  analyzer  measures  pH,  pCO,  and  pO, 

AND  CALCULATES  UP  TO  1 1  OTHER  PARAMETERS.  IT 
.\LSO  CONTINUOUSLY  RECORDS  TIME,  DATE,  BAROMET- 
RIC PRESSURE  AND  TEMPERATURE. 

MAINTENANCE. 

With  our  disposable  membrane  caps,  you  can 

CFLANGE  membranes  ON  ALL  ELECTRODES  IN  MINUTES. 


REGULATORY  REQUIREMENTS  (CLIA). 

The  system's  continuous  calibration  feature 
monitors  and  updates  electrode  calibr.ation 
entry  second,  so  it  is  always  ready  to  accurate- 
LY ANALYZE  A  SAMPLE.  IT  ALSO  PERFORMS  A  ONE- 
POINT  CALIBRATION  EVERY  20  MINUTES  AND  A  TWO- 
POINT  CALIBRATION  AT  USER- 
SELECTED   INTERVALS. 


With  its  itn-board  data-managetnetit  sys- 
tem, the  BG3  analyzer  can  store  one 
year  of  quality  control  reports  and  over 
6. 000  complete  patient  reports 


DATA  MANAGEMENT. 

With  the  on-board  data- 
management  system,  the 
bgs™  analyzer  automatical- 
ly maintains  its  own  patient 
and  quality  control  records.  p.^itient  trends 
AND  Levey  Jennings  charts  are  available  .\t  yolir 
FINGERTIPS.    The  system  is  so  advanced,  it  evtn 

features  a  built-in  maintenance  CALENDER  THAT 
TELLS  YOU  WHEN  MAINTENANCE  IS  NEEDED.  ThE  BG3'" 

analyzer  also  interfaces  ^xith  the  il  impact"' 
Blood  Gas  Data  Management  System  allovi- 
ing  you  to  network  other  analyzers  to 
meet  all  regulatory  requirements. 

Contact  your  IL  representative  about  the 
NEW  BG3™  Blood  Gas 
Analyzer,  and  learn 

HOW    YOU    CAN    meet 
YOUR    NEEDS    TODAY 
AND    PLAN    FOR    YOUR 
EXPANDING  NEEDS  IN 
THE  FUTURE. 
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Editorials 


ACLS  Skills  for  the  Respiratoiy  Therapist: 
Time  for  a  Mandate 


RespiratoiA  therapists  work  throughout  tlie  ht)s- 
pital — in  the  emergency  department,  critical  care 
units,  recovery  room,  and  general  wards.  They 
respond  to  all  resuscitation  calls  and  often  par- 
ticipate in  the  unannounced  "codes'  that  occur  in 
critical  care  units.  Therapists  respond  to  calls  from 
the  emergency  department  to  assist  with  advanced 
life  support  in  trauma  cases  and  to  treat  the  acute 
respiratory  emergencies  that  often  contribute  to  car- 
diac arrest.  And,  yet,  we  find  from  our  own  expe- 
rience and  the  experience  of  others'  that  Advanced 
Cardiac  Life  Suppt)rt  (ACLS)  training  and  certifica- 
tion are  not  universally  accessible  to  or  achieved  by 
therapists.  This  is  in  spite  of  the  fact  that  almost  1 
million  health  care  providers  were  certified  by  the 
American  Heart  Association  from  July  1986  to  July 
1991  (personal  communication.  American  Heart 
.Association  National  Center.  Dallas  TX.  April 
1992).  We  believe  that  the  involvement  of  res- 
piratory therapists  in  emergency  and  critical  care 
mandates  ACLS  training  and  certification. 

The  Therapist  as  a  Primary  Memher 
of  the  Resuscitation  Team 

Respiratory  therapists  are  primary  members  of 
hospital  resuscitation  teams  because  of  their  special 
training  and  education  in  airway  control,  ventila- 
tion, and  administration  of  supplemental  oxygen. 
Specific  knowledge  and  skills  include  bag-\alve- 
mask  ventilation,  tracheal  intubation,  drug  admin- 
istration \ia  tracheal  instillation,  use  of  transport 
ventilators,  post-resuscitation  mechanical  ventila- 
tion, hemodynamic  monitoring,  and  use  of  cap- 
nography.  The  therapist  obtains  and  interprets  arte- 
rial blood  gas  values  and  fully  appreciates  the 
oxygen  transport  problems  that  occur  when  basic 
life  support  is  interrupted  for  advanced  life  support 
interventions. 


Utilizing  the  Therapist's  Training 
and  Capabilities 

It  has  been  shown  that  during  .'XCLS.  paramed- 
ics intubate  the  trachea  with  a  909c  success  rate,-'*' 
whereas  the  skill  can  be  quickly  lost  if  not  prac- 
ticed.'' With  their  basic  training  reinforced  by 
ACLS  training  and  the  opportunities  presented  to 
maintain  proficiency,  respiratory  therapists  should 
be  able  to  intubate  with  a  success  rate  similar  to 
that  seen  in  paramedics. 

Many  persons  in  nontraumatic  cardiac  arrest 
experience  ventricular  fibrillation  within  a  few 
minutes  after  collapsing.  The  chances  of  the  post- 
shock  rhythm's  being  a  sustained,  perfusing  one 
are  increased  by  early  delivery  of  the  defibrillation 
shock.**  To  achieve  early  defibrillation,  the  Amer- 
ican Heart  Association  recommends  that  all  re- 
sponding emergency  personnel  (both  hospital-  and 
community-based)  be  trained  to  recognize  ven- 
tricular fibrillation  and  to  defibrillate  when  the  vic- 
tim's condition  warrants."  We  know  (from  our  own 
experience  and  from  coitimunication  with  instruc- 
tors over  the  years)  that  recognition  and  treatment 
of  ventricular  fibnllation  and  pulseless  \entricular 
tachycardia  are  standard  components  of  respirator) 
therapy  curricula  and  that  laboratoi7  practice  with 
defibrillators  is  provided  in  many  programs.  Thus, 
participation  in  early  defibrillation  is  a  logical 
extension  and  utilization  of  the  therapist's  training. 

Where  Is  the  Greatest  Need? 

It  may  not  be  practicable  to  have  every  res- 
piratory therapist  ACLS  trained  and  certified.  How- 
ever, ACLS  training  makes  sense  for  those  ther- 
apists v\ho  frequently  assist  with  resuscitation — 
those  who  respond  to  code  calls,  cover  the  emer- 
gency room,  work  in  critical  care  units,  and  serve 
on  transport  teams. 
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Some  of  the  need  for  training  and  cerlificalion 
may  be  institution  specific.  Large  teaching  iios- 
pitals  are  likeh'  to  ha\e  an  anesthesiologist  on  the 
resuscitation  team.  However,  the  therapist  still  has 
an  important  role  in  citnlinuing  airway  manage- 
ment w  hen  the  anesthesiologist  returns  to  the  oper- 
ating room.  In  some  large  hospitals,  the  therapist 
assumes  other  ACLS  responsibilities — providing 
chest  compression,  connecting  cardiac  monitor 
leads,  and  preparing  and  using  the  defibrillator. 
Although  the  number  of  cardiac  arrests  occurring 
in  community  and  rural  hospitals  may  be  smaller, 
the  therapist  often  assumes  more  responsibility  on 
the  resuscitation  team — particularly  during  the 
night  and  on  weekends  when  the  operating  room  is 
inactive  and  no  anesthesiologist  is  available  to 
respond.  The  respiratory  therapist  and  nurse  on  a 
ground-  or  air-transport  team  may  be  faced  with  a 
patient  in  arrest  and  the  need  to  provide  all  facets 
of  ACLS. 

Of  course,  additional  specialized  needs  exist.  In 
addition  to  participation  in  ACLS,  pediatric  and 
neonatal  practitioners  should  participate  in  the 
AHA's  Pediatric  Advanced  Life  Support,  or  PALS, 
program  and  the  Neonatal  Resuscitation  Program, 
or  NRP.  now  administered  by  the  Academy  of 
Pediatrics;  certain  critical  care  therapists  may  need 
to  participate  in  the  Advanced  Trauma  Life  Sup- 
port, or  ATLS.  program  of  the  American  College 
of  Surgeons  designed  for  physicians  who  do  not 
routinely  care  for  the  injured. 

Accomplishing  the  Tasks  of  Certification 
and  Recertification 

Health  care  professionals  may  tend  to  over- 
estimate their  resuscitation  skills  and  knowledge, 
and  skills  tested  6  and  12  months  after  training 
have  been  shown  to  deteriorate  to  near  pretraining 
levels.'"  Yet.  a  survey  of  60  physicians,  nurses,  and 
paramedics  who  had  completed  ACLS  courses 
within  the  previous  2  years  found  that  90%  believe 
that  the  ACLS  training  helped  them  provide  better 
patient  care."  The  respiratory  therapist  as  a  pri- 
mary member  of  the  resuscitation  team  should  be 
ACLS  trained  and  certified  and  have  ready  access 
to  the  necessar}'  retraining. 


\N  hat  Does  It  Cost  To  Certify  and  Recertify? 

The  cost  of  ACLS  courses  varies  from  .$123- 
$200  for  each  person  trained  and  certified.  A 
department  with  a  staff  of  50  seeking  ACLS  train- 
ing for  all  would  be  faced  with  an  annual  cost  of 
about  $5. ()()()  (training  or  retraining  for  one  half  of 
the  staff  each  year).  Less  expensive  yet  effective 
routes  to  recertification  include  courses  that  empha- 
size remediation  for  problem  areas  identified  in 
pretesting  (eg.  assessment,  defibrillation,  or  drug 
therapy)'-  and  modular  self-paced,  problem- 
oriented  learning  packages  and  computer-assisted 
instruction.'"'"' 


The  Role  of  the  Medical  Director 

The  medical  director  of  the  respiratory  care 
department  should  help  identify  staff  members  who 
need  ACLS  training  and  support  the  technical 
director  and  supervisors  in  justifying  the  need  for 
ACLS  training.  The  medical  director  should 
actively  participate  in  ACLS  training  and  evalua- 
tion. And.  finally,  we  believe  that  medical  director 
should  be  a  role  model  by  maintaining  his  or  her 
ACLS  certification  and  if  practicable  serving  as  an 
ACLS  faculty  member. 

The  Role  of  the  Technical  Director 
and  Supervisors 

The  technical  director  and  supervisors  should 
support  maintenance  of  ACLS  skills  and  knowl- 
edge by  organizing  resources  for  continuing  educa- 
tion and  time  for  training.  Modular  units  for  inde- 
pendent study  with  manuals,  tlashcards,  work- 
books, videotapes,  mannequins,  and  audiotape- 
slide  packages  should  be  readily  available  to  staff 
members.  Competency  evaluation  of  ACLS  knowl- 
edge and  skills  should  be  part  of  the  department's 
quality  assurance  program,  and  the  director  and 
supervisors  should  serve  as  role  models  by  main- 
taining their  own  certification. 

The  Role  of  Respiratory  Therapy  Programs 

The  faculty  of  each  respiratory  therapy  school 
should  make  certain  its  curriculum  provides  the 
content  necessary  for  students  to  gain  the  knowi- 
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edge  and  skills  that  they  will  need  to  successfully 
complete  an  ACLS  course.  Common  mistakes 
made  by  faculty  members  who  teach  cardio- 
pulmonary resuscitation  skills  include  failing  to 
teach  in  a  standardized  way.  limiting  practice  time, 
failing  to  correct  errors  in  performance,  and  using 
checklists  inappropriately.""  Because  .ACLS 
courses  are  usually  offered  intensively  over  2  con- 
secutive days,  the  faculty  should  prepare  students 
by  re\'iewing  the  units  of  study  for  se\eral  weeks 
before  the  course  begins.  Students  should  be  sched- 
uled for  ACLS  instruction  after  they  have  com- 
pleted Basic  Life  Support  certification,  have  fin- 
ished their  critical  care  rotation,  and  have  observed 
several  resuscitations.  Thus,  students  should  be 
assigned  to  an  ACLS  course  shortly  before  gradua- 
tion in  order  to  take  full  advantage  of  the  program 
courses  that  provide  the  knowledge  base  for  ACLS. 
It  is  important  for  respiratory  therapy  programs  to 
provide  this  instruction  because  it  has  been  shown 
that  health  care  providers  with  ACLS  training  per- 
form more  competently.  ha\e  more  confidence,  and 
exhibit  less  anxiety  during  resuscitations. ''"*  Fur- 
ther, the  graduate  with  ACLS  certification  is  more 
"marketable." 

Importance  of  ACLS  Training 
to  the  Profession  and  to  the  Patient 

Advanced  cardiac  life  support  is  a  team  effort 
and  demands  a  high  level  of  interprofessional  com- 
munication. Physicians,  nurses,  and  respiratory 
therapists  must  understand  the  role  of  each  team 
member.  The  team  effort  needs  to  come  together  in 
less  than  4-8  minutes  to  improve  the  patient's 
chances  for  long-temi  survival.'''  ACLS  courses 
remain  interdisciplinary  and  standardized  to  pro- 
mole  a  common  understanding  of  the  algorithms 
used  to  manage  cardiac  arrest  and  life-threatening 
anhythmias.  All  ACLS  candidates  have  the  same 
pass/fail  criteria  applied  to  their  performance 
regardless  of  their  professional  role  or  job  title. 
This  leads  to  common  ground  and  mutual  respect 
among  team  members. 

Respiratory  therapists  ha\e  knowledge  and  skill 
indispensable  to  ACLS  teams.  However,  to  remain 
effective  the  therapist  must  seek  and  maintain 
ACLS  certification.  This  is  a  credential  that  other 


team  members  immediately  respect  because  it 
implies  knowledge  of  overall  management.  This 
respect  and  increased  professional  recognition  lead 
to  increased  ACLS  responsibility  and  job  satisfac- 
tion. 

Respiratory  care  professionals  have  always 
placed  the  patient  first  and.  consequently,  are  con- 
stantly looking  for  ways  to  work  more  closely  with 
physicians  and  nurses  to  improve  patient  care. 
ACLS  training  and  certification  for  the  respiratory 
therapist  is  one  more  way  to  achieve  that  goal.  It"s 
time  to  prepare  for  more  responsibility  on  the 
resuscitation  team — for  the  patient's  sake! 
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The  Role  of  the  Respiratoiy  Therapist  in  Emergency  Care 

Robert  M  Kacmarek  PliD  RRT 


Introduction 

A  iini\ei"sal  definition  for  the  role  of  the  res- 
piiatorv'  therapist  in  any  specific  aspect  of  medical 
care  is  difficult  to  formulate.  Many  factors,  both 
within  and  external  to  each  respiratory  care  depart- 
ment, contribute  to  this  role  definition.  Emergency 
care  is  diverse,  dynamic,  and  deinanding,  and 
presents  opportunities  to  which  respiratory  ther- 
apists can  contribute  significantly.  Provision  of 
emergency  care  within  the  hospital  is  a  team  effort. 
The  respiratory  therapist,  the  physician,  and  the 
nurse  comprise  the  three  primary  components  of 
this  team.  To  fully  contribute,  the  therapist  must  be 
able  to  communicate  at  the  level  expected  by  the 
medical  staff  and  be  willing  to  aggressively  pro- 
vide consultation  in  those  situations  in  which  his  or 
her  knowledge  of  respiratory  care  exceeds  that  of 
other  health  care  workers  attending  a  given  patient. 
The  therapist  is  the  consultant  on  both  traditional 
and  newly  developed  respiratory  care  techniques, 
mid  the  consultant  role  is  universal,  regardless  of 
the  institution. 

Establishing  the  need  for  an  expanded  role  for 
the  respiratory  therapist  that  encompasses  technical 
tasks  beyond  those  normally  performed  is  more  dif- 
ficult. It  is  in  technical  applications  that  diversity  of 
roles  exists.  In  order  for  role  expansion  to  occur  in 
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a  given  institution,  the  respiratory  care  department 
must  first  identify  the  need  for  expansion:  second, 
establish  the  ability  of  the  respiratory  therapist  to 
safely  perform  the  task;  and.  third,  ensure  that  the 
change  in  role  definition  is  cost-effective.  For 
example,  it  may  be  difficult  to  justify  training  res- 
piratory therapists  to  perform  emergency  endo- 
tracheal intubations  in  large  university  institutions 
where  anesthesia  residents  outnumber  staff  ther- 
apists: however,  justifying  the  need  for  respiratory 
therapists  to  perform  emergency  intubations  in 
small  community  hospitals  is  relatively  easy. 

Emergency  care  encompasses  most  aspects  of 
what  we  can  call  traditional  respiratory  care  (Table 
1 ).  In  this  paper,  I  define  the  role  of  the  therapist  in 
each  of  these  aspects  and  attempt  to  show  where 
the  role  of  the  therapist  may  differ  in  university 
versus  community  versus  rural  hospital  settings. 
Finally,  I  discuss  issues  regarding  the  staffing  nec- 
essary to  provide  the  described  care  and  the  need  to 
establish  the  role  of  the  respiratory  therapist  by 
documenting  therapist  efficacy  through  research.  In 
preparing  this  paper,  I  was  unable  to  find  a  single 
article  that  documented  the  capabilities  of  the  res- 
piratory therapist  to  provide  any  aspect  of  emer- 
gency care. 

Patient  Assessment 

As  outlined  by  Maclntyre,'  an  often  neglected 
but  essential  aspect  of  all  patient  care  is  physical 

Table  1.    Aspects  of  Emergency  Care  in  which  Respiratory 
Therapists  Play  a  Major  Role 

Patient  assessment 

Oxygen  therapy 

Drug  delivery  via  the  respiratory  tract 

Airway  care 

Mechanical  ventilation 

Cardiopulmonary  resuscitation 

Transport 
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assessment.  In  the  emcrgcncN  setting,  the  respira- 
tory therapist's  ability  It)  assist  in  assessment  of  the 
upper  and  lower  respirators  tract  is  critical  (Table 
2).  Patients  frequently  present  with  asthma  or  for- 
eign-body obstruction  that  requires  careful  assess- 
ment of  their  respiratory  status.  In  addition,  the  res- 
piratory therapist's  expertise  is  useful  in  clinicali\ 
differentiating  between  croup  and  epigh)ttitis  in 
children.  especiall\  in  settings  in  which  physicians 
are  not  immediatel\  a\ailable  (eg.  rural  and  com- 
munity hospitals).  Finally,  regardless  of  the  spe- 
cific presenting  condition,  evaluation  of  ventilatory 
pattern,  accessory  muscle  use.  airv\ay  patency,  and 
work  of  breathing  b\  a  health  care  worker  wht>se 
focus  is  on  the  cardiopulmonary  system  (ie.  the 
therapist)  is  invaluable. 

Tabic  2.    Patient  Characteristics  To  Be  Assessed  in   Emer- 
aencv  Care 


Fig.  1.  Bicore  OP- 100  Pulmonary  Monitor. 


Ventilatory  pattern 

Use  of  accessory  muscles 

Airway  patenc\ 

Work  ol  breathing 

Peak  inspiratory  and  expiratory  flows 

Timed,  forced  expired  volume 

Maximum  inspirator)  pressure 

Vital  capacity 

Flow-volume  loops 

Airway  pressure,  flow,  and  volume  waveforms 

Pressure-volume  loops 

Quantitative  assessment  of  pulmonary  function 
and  ventilator},  mechanics  is  becoming  com- 
monplace in  the  emergency  ward.  Determination  of 
peak  inspiratory  and  expiratory  flov\s  and  FEV,  in 
patients  presenting  with  acute  asthmatic  attacks 
assists  in  quantifying  not  only  the  severity  of  the 
exacerbation  but  also  the  efficacy  of  treatment. 
Evaluation  of  ventilatory  reserve  by  making  maxi- 
mum inspiratory  pressure  or  vital  capacity  meas- 
urements assists  in  quantifying  the  extent  of  pul- 
monary, neurologic,  or  neui"omuscular  dysfunction. 
Newer  instruments  (such  as  the  Bicore  CP-IOO.- 
Fig.  1.  and  the  Med-Science  VenTrak.'  Fig.  2). 
although  designed  for  intubated  patients,  do  allow 
for  detailed  immediate  bedside  assessment  of  ven- 
tilatory function.  Such  devices  not  only  allow  con- 
tinuous monitoring  of  airway  pressure.  IIovn.  and 
\iilume  waveforiTis  but  also  can  generate  pressure- 
\olume  and  tlow-volume  loops.  The.se  devices  are 


Fig.  2.  Med-Science  VenTrak  respiratory  monitor. 

easy  to  operate  and  can  provide  data  within  min- 
utes. As  these  and  other  instruments  become  more 
available,  it  is  not  unreasonable  to  predict  their 
common  use  by  respiratory  therapists  in  the  emer- 
gency ward,  as  well  as  in  intensive  care  units. 
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Oxygen  Therapy 

Historically,  the  cornerstone  of  respiratory  care 
has  been  oxygen  therapy.  Although  oxygen  is  one 
of  the  most  common  drugs  prescribed  in  the  hos- 
pital setting,  it  is  also  one  of  the  most  poorly  con- 
trolled drugs  administered."*  Need  for  precise,  accu- 
rate delivery  of  high  concentrations  of  oxygen  is 
common  in  the  emergency  setting.  Not  infre- 
quently, practitioners  presume  that  a  given  oxygen 
delivery  system  proxides  consistently  higher  F102 
in  the  face  of  marked  \entilatory  demands  than  is 
likely.  The  proper  use  of  high-tlow  oxygen-de- 
livery systems  not  only  may  assure  better  patient 
oxygenation  but  also  can  avoid  more  invasive  treat- 
ment to  correct  hypoxemia.  It  is  unrealistic  to 
assume  that  anyone  other  than  the  respiratory  care 
practitioner  has  detailed  knowledge  of  the  capa- 
bilities and  the  variability  of  high-tlow  systems."''' 
It  is  essential  for  the  therapist  to  function  as  a  con- 
sultant in  the  prescription  and  administration  of 
oxygen  therapy. 

The  respirator)  therapist  is  also  invaluable  in  out- 
lining and  defining  the  capabilities  of  home  oxy- 
gen-delivery systems.  Particularly  in  rural  or  com- 
munity hospital  settings,  the  respiratory  therapist 
may  be  the  only  practitioner  with  knowledge  of  the 
idiosyncrasies  of  demand  oxygen-deli\  ery  systems, 
reservoir  nasal  cannulas,  or  transtracheal  oxygen 
therapy.  Presentation  of  patients  with  these  appli- 
ances can  present  management  difficulties  unless 
knowledgeable  respiratory  therapists  are  available 
for  consultation. 

Drug  Delivery  via  the  Respiratory  Tract 

Traditionally,  aerosolized  sympathomimetics,  anti- 
cholinergics, mucolytics,  and  even  steroids  have 
been  delivered  by  respiratory  therapists  in  the 
emergency  ward.  More  recently  the  respiratory 
route  for  drug  delivery  has  been  explored  in  the  set- 
ting of  cardiopulmonar)'  resuscitation  (CPR).  Par- 
ticularly when  peripheral  or  central  venous  access 
to  the  circulatory  system  is  unavailable,  atropine,'' 
lidocaine.**  epinephrine.'^  and  naloxone"  have  been 
instilled  into  the  endotracheal  tube  during  CPR. 
Although  results  are  variable,  data  imply  that  instil- 
lation may  be  an  effective  alternate  route  of  admin- 
istration durin"  CPR.  Drua  deliverv  via  this  route 


is  easily  performed  by  the  respiratory  therapist  dur- 
ing manual  ventilation. 

It  has  been  well  documented  that  the  effective 
dose  of  an  aerosolized  drug  can  vary,  especially  in 
the  presence  of  an  endotracheal  tube.'"  However, 
recent  research  implies  that  enhanced  drug  delivery 
by  metered  dose  inhaler  (MDl)  can  be  obtained  by 
administering  the  MDl  via  an  extension  nozzle  at 
the  tip  of  the  endotracheal  tube.  Peterfreund"  and 
Taylor  and  Lerman'"  have  reported  and  our  unpub- 
lished data  confirm  that  up  to  90%  of  the  MDl  dose 
is  delivered  to  the  lower  respiratory  tract  when  the 
MDl  is  actuated  through  a  19-gauge  12-inch  cath- 
eter at  the  tip  of  the  endotracheal  tube.  This  deliv- 
ery methodology  appears  particularly  promising  in 
the  acute  care  and  emergency  settings.  Again,  the 
respiratory  therapist  is  the  ideal  clinician  to  deliver 
drug  therapy  by  this  route. 

Mechanical  Ventilation 

The  respiratory  therapist  is  a  vital  component  of 
the  emergency  medical  team  during  the  initiation 
of  mechanical  ventilatory  support.  Therapists  must 
ensure  proper  ventilator  function,  set  the  desired 
ventilatory  pattern  during  (and  subsequent  to)  initi- 
ation, and  modify  ventilator  settings  based  on 
patient  response.  The  role  of  the  respiratory  ther- 
apist is  undisputed  in  this  aspect  of  emergency 
care. 

Recent  data'-''"  suggest  that  the  respiratory  ther- 
apist will  be  applying  noninvasive  positive  pressure 
ventilation  in  the  emergency  room  on  a  regular 
basis.  The  initial  successful  use  of  noninvasive  ven- 
tilatory techniques  to  reverse  hypercapnia  and  pre- 
vent endotracheal  intubation  in  the  emergency  set- 
ting is  very  promising.  Brochard  et  al'-^  compared 
the  application  of  positive  pressure  ventilation  via 
face  mask  in  13  patients  with  acute  exacerbations 
of  chronic  obstructive  pulmonary  disease  (COPD) 
to  13  matched  controls  who  did  not  receive  ven- 
tilatory support.  Only  1  of  13  in  the  treated  group 
required  endotracheal  intubation:  however,  1 1  of 
13  in  the  control  group  required  intubation.  In  addi- 
tion, as  compared  to  the  control  group,  the  treated 
patients  had  a  more  transient  need  for  \entilatoi"} 
assistance  [mean  (SD),  3  (1)  vs  12  (11)  days,  p  < 
0.01]  and  a  shorter  stay  in  the  intensive  care  unit  [7 
(3)  vs  19(13)  days,  p  <  0.01 1.  Brochard  et  al"  used 
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a  'home-made"  positive-pressure  generator  to  apply 
a  pressure  and  How  v\a\et'()rm  similar  to  pressure 
support  by  full  ("ace  mask.  Similar  but  uncontrolled 
data  have  also  been  reported  by  Meduri  et  al''*  who 
were  able  to  avoid  intubation  by  applying  ventila- 
tion via  face  mask  with  a  FLiritan-Bennett  7200 
\entiiator.  Ail  patients  ni  the  series  were  initially 
maintained  on  pressure  support  (10-20  cm  HjO) 
and  continuous  positive  airway  pressure  (CPAP)  to 
achieve  a  ventilatory  rate  <  25/min  and  a  tidal  vol- 
ume (Vt)  >  7  mL/kg.  Patients  unable  to  tolerate 
pressure  support  received  synchronized  intermittent 
mandatory  ventilation  (SIMV).  More  recently. 
Marino'''  reported  on  the  use  ot  a  nasal  CPAP  mask 
and  a  Bear  2  ventilator  for  the  provision  of  non- 
invasive mechanical  ventilation  during  acute  ven- 
tilatory failure;  '■)  of  1.^  patients  with  COPD  or 
hypothv  roidism  responded  to  treatment. 

The  introduction  of  the  Respironics  BiPAP'^ 
positive  pressure  ventilator  (Fig.  3)  and  its  reported 
successful  application  in  acute''  as  well  as  chronic 
ventilatory  failure"*'''  makes  the  application  of 
noninvasive  positive  pressure  ventilation  in  the 
emergency  setting  even  more  feasible.  Although 
this  unit  is  not  ideal  (ic.  no  alarms,  attachments 
required  for  pressure  monitoring  and  Vr  measure- 
ment, and  oxygen  concentration  difficult  to  titrate), 
it  is  generally  quickly  accepted  by  patients.  Its  con- 
tinuous How  and  ability  to  compensate  for  leaks 
seem  to  make  it  ideal  for  noninvasive  nasal  ventila- 
tion. 


Fig.  3.  Respironics  BiPAP  positive  pressure  ventilator. 

For  the  successful  noninvasive  application  of 
positive  pressure  ventilation,  respiratory  therapists 
must  be  specially  trained  in  its  technical  and  clin- 
ical application.  F-or  example,  therapists  must 
spend  long  periods  of  time  one-on-one  with  the 


patient  to  ensure  patient  acclimation  to  and  proper 
adjustment  of  the  dev  ice  and  must  properly  si/.e  the 
mask  to  help  assure  success.  The  use  of  non- 
invasive mechanical  ventilation  techniques  in 
patients  who  present  to  the  emergency  room  with 
acute  ventilatory  failure  superimposed  on  chronic 
ventilatory  dysfunction,  presents  a  therapeutic 
opportunity  in  which  the  respiratory  therapist  can 
play  an  important  role. 

Airway  Care 

Maintenance  of  endotracheal  or  tracheostomy 
tubes  in  emergency  (as  well  as  critical  care  set- 
tings) has  long  been  part  of  the  role  of  the  res- 
piratory therapist.  Evaluations  of  tube  placement, 
tube  manipulation,  and  measurement  of  cuff  pres- 
sure and  voluine  are  routine  functions  carried  out 
by  respiralorv  therapists.-"  The  extent  to  which 
endotracheal  intubation  in  the  emergency  setting  is 
performed  by  respiratory  therapists  varies  from 
institution  to  institution.  However,  it  is  my  observa- 
tion that  almost  all  registry-level  respiratory  ther- 
apy programs  instruct  students  in  the  technique.''-'--- 
The  argument  for  intubation  by  respiratory  ther- 
apists can  be  carried  out  on  several  levels:  ( I )  Do 
respiratory  therapists  have  the  educational  back- 
ground to  perform  this  technique?  (2)  Is  there  a 
need  for  therapists  to  be  trained  in  intubation?  (3) 
Is  it  safe  for  nonphvsicians  to  perform  intubation? 
As  alreadv  noted,  training  in  intubation  techniques 
IS  part  of  the  curriculum  of  mo.st  registry-level  res- 
piratory therapy  programs.  This,  coupled  with 
extensive  coursework  in  pulmonary  anatomy  and 
physiology,  seems  to  answer  the  first  question  pos- 
itively. In  fact,  respiratorv  therapists  probably 
receive  more  citniact  hours  of  coursevsork  on  this 
subject  than  anv  other  nonphysician  health  care 
worker.  The  question  of  whelhcr  there  is  a  need  for 
respiratory  care  practititMiers  to  perform  endo- 
tracheal intubation  is  more  difficult  to  answer. 
Clearly,  in  large  university  settings  where  resident 
staff  on  all  shifts  ouliuimber  respiratorv  care  staff, 
the  need  for  respiratory  therapists  to  perform  endo- 
tracheal intubation  does  not  exist.  However,  in 
rural  and  ci>mmunity  hospital  settings  the  res- 
piratorv therapist  is  frequently  the  practitioner  most 
qualified  to  provide  respiratory  and  airway  care.  In 
these  .settinus,  it  is  clear  that  a  need  does  exist  and 
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is  being  filled  by  respiratory  therapists.  The  actual 
pert'orniance  of  endotracheal  intubation  by  res- 
pirators therapists  extends  beyond  the  rural  and 
community  setting  to  both  adult  and  neonatal  trans- 
port teams  and  to  many  Level-lII  nurseries.  Finally, 
is  it  safe  for  respiratory  therapists  to  perform  endo- 
tracheal intubation?  Unfortunately,  no  available 
data  evaluate  the  effectiveness  of  respiratory  ther- 
apists in  intubation.  However,  data  on  performance 
of  intubation  in  emergency  settings  by  paramedics 
suggest  that  the  technique  can  be  safely  performed 
by  nonphysicians.-' -' 

The  first  report  of  endotracheal  intubation  effi- 
cacy by  paramedics  was  presented  by  DeLeo-"*  in 
1977.  Table  3  sLimmarizes  these  results  compared 
to  those  of  physicians  (Heartmobile)  in  the  field. 
As  noted,  they  compared  equivalently,  with  about 
90%  of  attempted  intubations  successful.  Jacobs  et 

Tuhle  3.    Successful  Orotracheal   liituhation  by   Paramedical 
Personnel  vs  Physicians* 


Table  4.    Orotracheal  Intubation  Complications  Rate  in  Field 
Intubations  bv  Paramedical  Personnel  ■ 


Year 


Attempted 


Successful 


%  Successful 


Paramedics 

1972                     199 

169 

84.9 

1973                     266 

245 

92.1 

1974                    320 

297 

92.8 

1972-1974            785 

711 

90.6 

Physicians 

Heartmobile         44 

39 
from  Reference  24. 

88.6 

*Reprinted,  with  permission. 

al"^  reported  a  96.6%  success  rate  by  paramedics, 
with  only  6  failures  out  of  172  intubations,  while 
Stewart  et  al-""  reported  successful  intubations  in 
701/779  patients  (90%).  The  frequency  of  com- 
plications in  these  studies  was  also  limited.  DeLeo 
repoiled  40  incidents  of  vomiting  and  potential 
aspiration,  whereas  Jacobs  et  al  reported  only  3 
incidents  of  vomiting.  Table  4  lists  the  more 
detailed  complication  rate  reported  by  Stewart  et 
al.-^^  In  this  series,  3  patients  presented  to  the  emer- 
gency ward  with  esophageal  intubations;  however, 
review  of  each  case  revealed  a  break  in  protocol. 
Tube  placement  was  not  verified  by  auscultation  of 
the  chest  and  abdomen  in  any  of  the  3  patients. 
O'Brien  et  al"'  have  recently  reported  a  71%  suc- 
cess rate  in  blind  nasotracheal  intubation  by  para- 
medics in  a  series  of  324  spontaneously  breathing 


Complication 


Number  Reported 


'^i  of  Attempted 
Intubations 


Prolonged  attempt 

(>45s) 

42 

5.4 

Esophageal  placement 

(corrected) 

11 

1.4 

Esophageal  placement 

(not  corrected! 

3 

0.4 

Vomiting 

7 

0.9 

Trauma  soft  tissue 

3 

0,4 

Loose  teeth 

3 

0.4 

Right  main-stem 

(not  corrected) 

3 

0,4 

Other 

2 

0,3 

None 

705 
from  Reference  25. 

90,5 

*Reprinted,  with  permission. 

patients.  Table  5  lists  the  complication  rate  in  the 
O'Brien  study:  again,  only  three  major  complica- 
tions were  noted.  In  all  these  series,  esophageal 
intubation  was  the  common  major  complication 
listed.  However,  none  of  these  groups  indicated 
that  end-tidal  CO^  detection  devices  (eg,  Fenem 
FEF,  now  EasyCap,  Nellcor,  Hay  ward  CA)  were 
used.  Recent  data  indicate  that  the  frequency  of 
unrecognized  esophageal  intubation  was  greatly 
reduced  with  these  devices,-^-'  although  their  per- 
formance during  CPR  is  still  questionable. 

Table  5,    Complication  Rate  in  Blind  Nasotracheal  Intubation 
bv  Paramedical  Personnel* 


<>f 

of  Attempted 

Complication 

Nl 

jmber  Reported 

Intubations 

Minor 

Epistaxis 

25 

7,7 

Cuff  leak 

6 

1,9 

Need  to  reposition 

5 

1,5 

Sinusitis 

3 

0,9 

Local  necrosis 

1 

0,3 

Pneumomediastinum 

1 

0,3 

Major 

Pvriform  sinus  tear 

1 

0,3 

Esophageal  intubation 

ssion. 

2 
from  Ri 

■ference 

23 

0,6 

*Reprinted,  with  perm 

The  data  suminarizing  the  paramedic's  expe- 
rience clearlv  indicate  that  endotracheal  intubation 
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by  nonphysicians  can  be  performed  safely  with  a 
high  success  rate.  The  success  rate  of  paramedics 
in  the  tleid  is  less  than  the  success  rate  of  anes- 
thesiologists in  the  operating  room.  However,  if  we 
consider  the  circumstances  under  which  para- 
medics must  function,  a  90-95%  success  rate  is 
exceptional.  Based  on  these  data,  it  is  appropriate 
to  assume  that  respiratory  therapists,  properly 
trained,  will  be  able  to  function  as  well.  This  is 
especially  true  of  emeruencs  in-hospital  intubation 
because  the  majority  of  such  inuibations  are  per- 
formed during  resuscitation  or  on  comatose 
patients.  Few  trauma  patients  would  require  intuba- 
tion because  most  present  to  the  emergency  ward 
already  intubated.  Complication  rates  can  be  dimin- 
ished from  those  listed  by  mandatory  monitoring  of 
exhaled  COt  to  verify  intubation.  CO;  monitoring 
is  not  100%  accurate  in  CPR  settings;  however, 
combining  CO;  monitoring  with  proper  post- 
intubation  assessment  should  eliminate  unrecog- 
nized esophageal  intubations.  As  noted  earlier,  the 
need  for  universal  practice  of  emergency  intubation 
by  respiratory  therapists  is  difficult  to  justify 
because  of  the  presence  of  anesthetists  in  large  uni- 
versity hospitals.  However,  the  need  does  exist  for 
respiratory  therapists  to  intubate  in  small  com- 
munity and  rural  hospitals,  in  Level-Ill  nurseries, 
and  during  transport.  Before  endotracheal  intuba- 
tion becomes  universal,  even  in  these  .settings,  it  is 
essential  that  the  experience  be  published  from  cen- 
ters at  which  therapists  intubate.  At  present,  no  data 
are  available  to  demonstrate  the  efficacy  of  res- 
piratory therapists'  performing  endotracheal  intuba- 
tion. 

CPR  and  Detlbrillation 

Respiratory  therapists  are  an  integral  part  of  all 
inpatient  CPR  teams.  Hstablishment  of  an  airway 
and  provision  of  maniuii  ventilation  aiui.  in  some 
settings,  endotracheal  intuhation  are  clearly  defined 
roles  for  respiratory  therapists.  In  addition,  if  more 
than  one  respiratory  therapist  is  present  at  the  arrest 
scene,  cardiac  compression  is  normally  carried  out 
by  one  of  the  therapists.  Nurses  and  physicians  are 
most  frequently  invohed  with  e\aluation  of  electro- 
cardiac  response  and  drug  therapy.  In  those  settings 
in  which  attendance  at  a  cardiac  arrest  is  pre- 
dominantly  staffed   by   nurses   and   therapists,    it 


seems  reasonable  to  expand  the  role  of  the  therapist 
to  include  defibrillation.  This  would  not  onlv 
enhance  the  contributit)n  of  the  therapist  during 
CPR  but  would  free  nursing  personnel  to  focus  on 
evaluation  of  electrocardiographic  patterns  and 
drug  therapy.  Again,  no  data  are  a\ailable  e\alu- 
ating  the  ability  of  therapists  to  perform  this  task. 
However,  defibrillation  is  a  common  task  per- 
formed by  paramedics.'"  and  w  ith  appropriate  train- 
ing could  easily  be  performed  b)  respirator)  ther- 
apists. 

CPR  and  ACLS  Training 

The  CPR  training  for  RCPs  is  mandated  by  the 
JCAHO.''  No  such  requirement  exists  for  ad\anced 
cardiac  life  support  (ACLS)  training.  However,  as 
outlined,  especially  in  rural  and  community  hos- 
pital settings,  the  need  for  ACLS  certification  may 
be  acute.  It  is  difficult  to  argue  against  such 
enhancement  of  educational  and  technical  capa- 
bilit\  in  settings  in  which  a  limited  number  of  phy- 
sicians are  a\ailable  to  perform  .ACLS.  Respiratory 
therapists  are  an  integral  part  of  the  CPR  team,  and 
as  such  require  the  same  level  of  training  as  that 
received  by  the  other  two  primary  team  members 
(nurse  and  physician).  ACLS  certification  of  all 
respiratory  therapists  is  a  monumental  task,  con- 
sidering the  cost  and  availability  of  courses:  how- 
ever, in  order  to  increase  the  effecti\eness  of  the 
respiratory  therapist  in  emergency  care,  it  is  essen- 
tial. I  call  for  ACLS  training  to  be  an  integral  part 
of  the  curriculum  in  respiratory  therapist  programs. 
If  e\er\  new  graduate  therapist  were  .ACLS  cer- 
tified, the  number  of  .ACLS  instructors  and  .ACLS 
courses  outside  of  the  school  would  ha\e  to  be 
expanded,  allowing  greater  access  for  practicing 
therapists.  ACLS  certification  is  the  single  most 
critical  factor  in  properly  establishing  the  therapist 
Idle  in  emergency  care. 

Intrahospital  Transport 

The  role  of  the  respirator)'  therapist  in  the  intra- 
hospital transport  of  the  acuteh  ill.  recently  sta- 
bilized emergcnc)  care  patient  is  critical.  Most 
transport-related  problems  are  associated  with  the 
basic  components  of  CPR.  airway  stabilization, 
breathing,  and  cardiovascular  stability.  Other  than 
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the  anesthetist,  the  therapist  is  the  individual  most 
quaUfied  to  maintain  the  patient's  airway  and  to 
perform  \entilation.  If  a  transport  ventilator  is 
being  used,  the  therapist  should  he  at  the  head  of 
the  bed  to  ensure  the  unit's  function  and  to  make 
airway  manipulations  where  necessary.  In  addition, 
the  therapist  should  be  actively  involved  in  the 
evaluation  of  the  patient's  cardiopulmonary  status. 

Staffing  for  Emergency  Care 

It  is  difficult  to  define  staffing  criteria  for  all 
institutions.  Individualized  staffing  patterns  must 
be  established,  based  upon  the  defined  institutional 
role  of  the  therapist.  In  large  institutions  with 
active  emergency  wards,  the  assignment  of  a  ther- 
apist exclusi\ely  to  the  emergency  ward  may  be 
appropriate.  In  others,  a  light  routine  assignment 
along  with  the  emergency  ward  assignment  may  be 
ideal.  Whatever  the  circumstance,  the  distribution 
of  manpower  should  be  appropriately  based  on  vol- 
ume of  care  and  the  role  of  the  therapist  if  that  role 
is  to  be  continued.  We  have  found  it  better  not  to 
assign  responsibility  for  first  response  to  cardiac 
arrest  elsewhere  in  the  hospital  to  the  emergency 
ward  therapist  to  ensure  that  disruption  of  the  role 
played  by  that  therapist  does  not  occur. 

In  Conclusion 

The  respiratory  therapist's  role  in  emergency 
medicine  can  be  important  but  as  yet  is  not  uni- 
versally defined.  Respiratory  therapists  play  a  pri- 
mary role  in  oxygen  and  aercsol  therapy,  evalua- 
tion of  the  cardiopulmonary  system,  airway  care, 
and  ventilatory  management.  There  is  also  a  role 
for  the  therapist  in  intubation  and  defibrillation, 
especially  in  rural  and  community  hospitals,  but 
respiratory  care  departments  must  be  aggressive  in 
assuming  that  role.  Opportunities  for  an  enhanced 
role  for  the  respiratory  therapist  exist  but  require 
significant  individual,  as  well  as  group,  effort  to 
achieve.  In  order  to  achieve  these  goals,  all  res- 
piratory therapists  must  become  ACLS-certified. 
ACLS  certification  should  be  part  of  the  curric- 
ulum of  all  respiratory  therapist  programs.  In  addi- 
tion, we  must  publish  the  results  of  our  experiences 
in  emergency  care.  Data  are  necessary,  especially 
regarding  the  therapist's  ability  to  intubate  patients 


in  the  emergency  setting.  Unless  we  document  and 
market  our  ability  to  function,  it  will  he  difficult  for 
our  role  to  develop  properly. 
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Kacmarck  Discussion 

Nemiroff:  One  aspect  that  yi)u 
briefly  touched  on — a  theme  that  Til 
enlarge  on  later  in  the  team  role  of 
the  respiratory  therapist — is  the  need 
for  aggressiveness  and  for  being  an 
information  resource  for  physicians 
practicing  in  the  emergency  depart- 
ment. The  therapist's  initial  approach 
to  the  patient  (and  he  or  she  may  be 
the  first  one  to  see  the  emergency 
patient)  sets  the  tone  for  the  rest  of 
the  resuscitation,  particularly  in  near- 
drowning.  I'd  like  to  amplify  that  and 
hope  the  therapist  would  take  on  the 
role  and  set  the  tone  for  resuscitation. 
To  your  knowledge,  has  anything 
been  written  about  that? 
Kacmarck:  No.  but  I  think  youVe 
correct.  We've  failed  to  function  in 
the  primary  consulting  role  for  which 
wc  arc  suited  in  many  emergency  sit- 
uations. Therapists,  for  whatever  rea- 
son, perhaps  because  of  their  position 
in  Ihe  hierarcln  of  the  medical  com- 


munity, are  not  always  as  aggressive 
as  I  think  the\  should  be  in  express- 
ing their  opinions  on  ways  to  manage 
patients  in  these  settings.  Frequentlv. 
because  of,  as  you  say,  their  narrow 
perspective  in  relationship  to  the 
wide  perspective  of  the  emergency 
medical  physician,  therapists  may  be 
able  to  consult  and  advise  very  spe- 
cifically on  better  ways  of  handling  a 
situation.  It's  something  that  we  as 
respiratory  care  professionals  need  to 
work  on. 

Giordano:  Bob,  are  you  familiar 
with  the  pilot  project  that  was  con- 
cluded just  a  short  time  ago  in  New- 
York  City,  regarding  the  role  of  res- 
piratory care  practitioners  in  admin- 
istering I.\'.  drugs  ill  the  emergency 
room? 

Kacmarck:  No,  I'm  not.  .Sam.  1  Jon'i 
know  anything  about  it. 
(Jiordano:  It's  my  understanding 
from  some  individuals  in  the  area  that 
ihc  pilot  project  was  undertaken  at 
the  behest  of  H.-XNY  (which  is  the 


Hospital  Association  of  New  York) 
as  a  response  to  the  severe  nursing 
shortage  in  that  area.  With  the  state's 
blessing  they  went  about  "flexing."  if 
you  will,  licensure  requirements  to 
allow  persons  in  the  hospital  deemed 
skilled  and  trained  to  carry  out  these 
procedures  in  a  pilot  project  to  see  if 
such  individuals  could  play  a  greater 
role.  In  this  particular  instance,  it 
was  I.V.  insertion  and  steroid  admin- 
istration to  asthmatic  patients  (per- 
sonal communication  from  ES  Sals- 
berg.  Director,  Bureau  of  Health 
Resources  Development.  Depart- 
ment of  Health,  State  of  New  York 
to  AP  Me/ey  MD.  Medical  Director, 
Bronx  Municipal  Hospital  Center, 
Bronx  NY,  Dec  31,  1991). 
Kacmarck:  No,  just  one  quick  com- 
meiii.  I'm  not  aware  of  any  data  on 
that.  The  only  role  that  I  know  that 
therapists  play  (and  it's  sporadic)  in 
administering  pharmacologic  agents 
other  ih^.n  via  the  aerosol  route,  is 
duruii;  ECMO.  Our  ECMO  team  is 
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composed  entirch  of  ihcrapists.  and 
therapists   administer  all   drugs  that 
enter  the  ECMO  system. 
Wilson:   I  really  can't  comment  on 
the  project  that  you  cited.  I  do  have  a 
related  question   for  Bob.  With  the 
metered  dose  inhalers  (MDls),  you 
suggest  that  this  may  be  a  more  effi- 
cient, more  predictable  way  of  deliv- 
ering drug,  and  because  it  is  obvi- 
ously    related     to    the     mechanical 
activities  that  therapists  are  involved 
in.  it  seems  a  natural  assumption  that 
they  should  be  directly  involved  in 
the  use  of  this  device.  In  an  emer- 
siency  setting,  especially  when  deal- 
ing  with   asthmatics,   being   able   to 
predict  the  amount  of  drug  is  not  nec- 
essarily that  impoilant  because  if  it 
doesn't    work    (whether    it's    intra- 
venous, subcutaneous,  or  any  other 
route)    you    assess    and   then   either 
increase  the  delivery  or  add  an  addi- 
tional drug.  But,  given  your  proposed 
expanded  role  for  the  therapist,  how- 
do  vou  go  about  training  a  depart- 
ment of  therapists  to  be  as  facile  and 
knowledgeable  as  necessary  to  carry 
out  that  therapy  appropriately? 
Kacniarek:  1  would  approach  train- 
ing  them    in   the    same   way   that   I 
would  approach  training  for  any  new 
aspect  of  respiratory  care.  Trying  to 
get  my  whole  staff  competent  in  per- 
forming  noninvasive   nasal   positive 
pressure  ventilation  has  been  a  task.  I 
must  admit.  It's  not  just  learning  the 
new  technique,  it's  trying  to  get  peo- 
ple  to  approach   the   patient   in   the 
appropriate   manner  psychologically 
because  a  lot  of  it  is  interaction  with 
the  patient.  First  of  all,  you  set  up  in- 
services  in  which  you  present  didac- 
tic  information:   you   then   evaluate 
each   individual's   ability   to   under- 
stand   and    retain    that    information 
through  examination:   but   also   you 
need  to  develop  a  methodology  for 
determining    whether   the    therapists 
have  developed  the  technical  capa- 
bility, and  that  really  has  to  be  a  one- 
on-one  evaluation.  You  provide  them 


a   procedure,    watch    them    iierlorm. 
correct  their  beha\'ior.  and  continue 
to  ha\e  them  demonstrate  perform- 
ance   until    you're    assured    that    the 
technical  performance  is  within  the 
guidelines     that     you've     outlined. 
That's  the  approach  we've  taken  with 
aspects  of  respiratory  care  in  which  it 
is  critical  that  the  technique  be  pre- 
cisely performed.  1  think  it's  impor- 
tant to  remember  that  it  is  easier  to 
take  a  group  of  respiratory  therapists 
(50.  or  60,  or  70)  in  a  given  institu- 
tion and  train  them  to  perform  a  tech- 
nique that  fits  very  nicely  into  the 
scope  of  their  defined  practice  than  it 
is  to  take  1.500  or  2.000  nurses  and 
train  them  in  a  technique  that  is  really 
on  the  periphery  of  or  may  be  totally 
outside  their  practice.  1  don't  mean  to 
imply    that    getting    practitioners    to 
accept  new  techniques  and  to  perform 
them  properly  is  the  easiest  thing  to 
do — although  1  think  it's  manageable, 
primarily  because  of  the  numbers  and 
the  close  control  that  exists  and  the 
repetitive  nature  of  their  performing 
the  task.  We've  been  able  to  set  up 
programs,    to   teach   didactically,    to 
have    demonstrations    in    laboratory 
settings,  and  to  evaluate  in  the  clin- 
ical setting  the  ability  to  perform  a 
given  task. 

Reines:  Bob.  I  agree  that  there  are 
absolutely  no  data  available  on  intu- 
bation   options    for    therapists.    Be- 
cause most  of  the  programs  are  teach- 
ing  intubation   and   because,    in   the 
university  centers,  this  is  frequently  a 
cause  of  frustration,  I  wonder  if  the 
data  don't  need  to  be  gathered  and  if 
the  AARC  isn't  the  body  to  do  it? 
Barry  Shapiro  of  the  National  Asso- 
ciation of  Medical  Directors  of  Res- 
piratory Care,  in  an  informal  poll  of 
respiratory  care  practitioners,  found 
several  years  ago  that  indeed  in  hos- 
pitals smaller  than  200  beds  a  lot  of 
the  intubations  were  being  performed 
by  therapists,  whereas  in  university 
centers  they  are  not.  1  think  we  need 
some    data    because    obviously    the 


EMT  data  show  that  it  can  be  done 
bv  nonphysicians.  Similarly,  there 
are  life  packs  and  smart  defibrill- 
ators that  respiratory  care  practi- 
tioners can  easily  manage  in  a  code 
situatitm.  1  think  the  AARC  needs  to 
define  some  of  these  and  set  up 
some  guidelines.  Maybe  the  guide- 
lines and  standards  committee  could 
look  at  it. 

Kacmarek:  I  agree  \0Q7c.  We  have 
failed  in  this  area  because  we  have 
no  data  to  demonstrate  that  we  have 
this  skill,  which  we  are  in  fact  teach- 
ing students. 

Hurst:  One  of  the  things  we  as  phy- 
sicians need  to  realize  is  that  major 
interfaces  are  made  a  lot  simpler  by 
physician    advocacy.    When    I    first 
moved  to  Cincinnati,  the  respiratory 
therapists   in  the   surgical   intensive 
care  unit  were  not  allowed  to  draw 
samples  for  blood  gas  analysis  from 
arterial    lines.    To    this    very    day. 
unfortunately,    the    medical    service 
does  not  enlist  the  assistance  of  res- 
piratory therapists  in  the  ICU.  In  this 
day  and  age  it  is  unbelievable,  but 
happens   to  be   a  fact.   One  of  the 
things  that  we  can  do  is  to  make  sure 
that  respiratory  care  practitioners  are 
included  as  part  of  the  health  care 
team.   In  the   ICUs  this   is  critical. 
They  actively  participate  in  rounds 
in  our  institution.  During  the  presen- 
tation of  patients  at  daily  rounds — 
both  on  the  surgical  service  and  in 
the  pulmonary  rehabilitation  units — 
their  input  is  very  important  in  deter- 
mining  overall   patient   care   plans. 
Therefore,  part  of  that  responsibility 
is  ours. 

Kacmarek:  I  agree — so  does  our 
staff—  but  I  think  a  lot  of  respiratory 
therapy  departments,  unfortunately, 
have  not  pushed  the  issue  with  the 
medical  staff  or  the  medical  director 
of  their  departments  to  allow  an 
appropriate  expansion  of  their  role. 
If  that's  done,  these  activities  we're 
discussing  can  come  about  because 
thev're    logical    extensions    of    the 
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training    that    respiratory    therapists 
ha\e  received. 

Durbin:  Fd  like  to  leave  one  idea  on 
the  table.  Should  we  require  res- 
piratory therapists  to  complete  ACLS 
training?  You  mentioned  that  in  your 
talk.  Should  that  be  a  position  of 
either  the  educational  components  or 
professional  components  of  the 
AARC?  I  personally  believe  we 
should.  That  would  give  us  much 
firmer  ground  to  discuss  these  issues 
with  other  care  providers  who  do 
require  ACLS  training. 
Kacmarek:  Well,  let  me  answer  that 
two  ways.  Let  me  answer  it  first  from 
a  practical  perspective.  We've  tried 
to  do  that  with  our  staff,  and  we  ha\'e 
access  to  ACLS  training  programs: 
however.  we"re  in  the  third  tier  of 
access.  The  physician,  of  course,  is 
prim;u-y:  the  nurse  is  secondary:  and 
we're  on  the  tertiary  level.  Fre- 
quently, I  can't  get  anybody  into  a 
program  or  at  best  one  or  maybe  two 
of  our  staff.  Access  to  training  is  one 
of  the  limiting  factors.  1  think  it  could 
be  better  handled  if  it  were  one  of  the 
components  of  the  formal  training 
program — all  therapists  come  out  cer- 
tified in  .ACLS.  Every  graduate  ther- 
apist would  be  prepared.  Thai's  the 
only  feasible  way  I  see  to  accomplish 
universal  training,  at  least  on  an  ini- 
tial start-up  basis.  Dean? 


Hess:  I  think — and  1  would  agree 
with  Charlie  (Durbin) — 1  think  it's 
absolutely  essential  that  therapists, 
particularly  therapists  who  are 
responding  to  codes  and  are  working 
in  ICUs.  be  ACLS  trained.  I  know 
that  the  therapists  at  our  place  have 
complained  bitterly  about  going 
through  those  courses.  They  com- 
plain that  they  have  to  learn  a  lot  of 
pharmacology  and  things  that  are 
vers  peripheral  to  their  practice.  But 
getting  back  to  some  of  the  points 
that  you  were  making.  Bob  (Kac- 
marek). I  think  that  if  we  as  therapists 
are  going  to  have  any  credibility  at  all 
in  those  environments,  we  have  to 
have  similar  training.  I  don't  think 
that  we  as  therapists  can  ask  to  have  a 
role  in  the  decisions  that  are  being 
made,  to  have  a  role  in  airway  man- 
agement (particularly  intubation),  to 
be  doing  defibrillation,  and  st)  forth, 
if  we  ha\en't  acquired  similar  skills. 
Kacmarek:  Agreed. 
Giordano:  I  want  to  gi\e  the  per- 
spective of  the  AARC  with  regard  to 
the  ACLS  training.  First  of  all.  I  cer- 
tainly agree  with  the  comments  that 
qualified  practitioners  should  take  the 
course.  Over  the  last  8  or  9  years,  the 
A.ARC  has  encouraged  access  to 
those  courses  on  behalf  of  the  practi- 
tioners. We  do  have  representation  on 
the    appropriate    committee    of    the 


.American  Heart  Association,  as  a 
matter  of  fact,  and  have  had  for 
about  7  or  8  years.  It's  my  under- 
standing that  now.  8  years  after  we 
began  the  dialogue  with  the  Heart 
Association,  in  the  majority  of  states 
(and  the  decision  on  admission  does 
reside  at  the  state  le\el)  indi\iduals 
who  have  at  least  a  certification  cre- 
dential can  go  through  ACLS  train- 
ing. .About  its  being  mandator).  I 
personally  feel  that  it's  now  time  to 
make  it  mandatory.  We  have  been 
encouraging.  It's  now  time  to  say. 
"OK.  this  is  mandatory  if  you  want 
to  participate  in  the  arena  of  emer- 
genc\  medical  support." 
Rodriguez:  .As  a  respiratory  care 
manager,  I  have  noticed  that  groups 
compete  more  successfully  for 
scarce  hospital  resources  when  their 
profession  has  a  well-established 
position  or  standard  they  can  cite. 
The  accessibility  of  ACLS  training 
in  hospitals  can  be  very  competiti\e. 
I.  therefore,  support  Dr  Durbin's 
suggestion  that  the  AARC  formally 
adopt  the  position  that  ACLS  train- 
ing is  essential  for  respiratory  care 
practitioners. 

Kacmarek:  I  think  most  of  us  agree 
that  there  is  a  need  for  development 
of  professional  standards  in  this 
area. 
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Upper  Aii'way  Problems 


Rogers  Wilson  MD 


Introduction 

Elective,  emergency  management  of  upper  air- 
way problems  is  accomplished  routinely  in  oper- 
ating and  emergency  rooms,  critical  care  units,  and 
prehospital  settings.  One  single  therapeutic  maneu- 
ver, intubation,  is  performed  by  physicians  and 
nonphysicians  with  varying  levels  of  training  and 
experience.  This  procedure  is  generally  accom- 
plished without  difficulty,  although  it  clearly  has 
the  potential  for  significant  morbidity  and  mortal- 
ity. It  is  important  to  recognize  that  adverse  out- 
comes associated  with  respiratory  e\ents  comprise 
the  largest  class  of  injury  associated  with  the  prac- 
tice of  anesthesiology,  and  airway  management 
(including  endotracheal  intubation)  is  the  most 
common  single  element.'  Less  certain  is  the  fre- 
quency at  which  improper  or  inadequate  ap- 
proaches to  airv\ay  management  produce  ad\erse 
outcome  in  patients  treated  in  critical  care,  trauma, 
and  cardiopulmonary  resuscitation  situations. 

Failure  to  accomplish  elective  endotracheal  intu- 
bation can  be  attributed  to  a  number  of  \ariables 
including  inadequacy  of  training,  unsuspected  ana- 
tomic and/or  pathologic  findings,  and  lack  of  ade- 
quate preparation  for  dealing  with  unavoidable  dif- 
ficulties. As  previously  stated,  inappropriate  airway 
management  (including  inability  to  efficiently  per- 
form endotracheal  intubation,  inadequate  ventila- 
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ber 3,  1991,  during  the  Respiratory  Care  Journal  Confer- 
ence on  Emergency  Respiratory  Care  held  in  Cancun.  Mexico. 


tion,  and  unrecognized  esophageal  intubation)  is 
the  leading  cause  of  morbidity  and  mortality  in  hos- 
pitalized patients.-  It  is  estimated  that  in  the  devel- 
oped world  approximately  600  deaths  annual!} 
result  from  complications  occurring  at  the  time  of 
intubation.'  It  is  also  evident  that  the  incidence  of 
difficulty  varies  with  patient  category;  for  example, 
the  obstetric  population  is  generally  considered  to 
be  at  much  higher  risk  for  intubation-associated 
problems  than  are  other  groups  requiring  such  ther- 
apy."* 

An  individual's  ability  to  intubate  with  a  high 
degree  of  proficiency  depends  on  that  individual's 
knowledge  of  anatomic  features,  familiarity  with 
equipment,  and  adequate  practical  ('hands-on') 
experience  in  a  variety  of  settings.  More  important, 
however,  is  the  intubator's  ability  to  assess  the  sit- 
uation appropriately,  to  develop  an  adequate  plan 
or  mental  algorithm  to  effecti\ely  manage  the  dan- 
gerous and  frequently  unanticipated  problems,  and 
to  provide  a  range  of  alternate  therapies.  It  must  be 
stressed  that  guidelines  are  often  designed  to  fit  the 
specific  clinical  context  in  which  they  are  likely  to 
occur,  whether  the  in-hospital  or  out-of-hospital 
setting,  and  are  influenced  by  the  background  and 
experience  of  those  performing  the  procedures.  The 
guidelines  presented  here  are  neither  an  exhaustive 
consideration  of  all  possible  conditions  and  man- 
ifestations of  airway  difficulty  encountered  nor  ail 
potential  approaches  to  management  possible  for 
successful  outcome. 

Basic  Concepts  of  Management 

Anatomy 

Knowledge  of  the  anatomic  features  of  the  upper 
airway  is  essential  for  any  individual — physician. 
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therapist,  or  technician — who  alicnipis  endotrach- 
eal intubation.  Figure  1,  a  sagittal  view  of  the  upper 
airway.^  shows  the  important  relationships  among 
critical  structures  such  as  the  epiglottis,  vallecula, 
cartilaginous  bodies,  and  vocal  cords.  A  more 
detailed  view  (Fig.  2)  depicts  the  relationship  of 
laryngeal  structures  as  viewed  by  the  endoscopist 
during  standard  direct  laryngoscopy.  It  is  important 
to  appreciate  the  relationships  among  these  struc- 
tures and  the  normal  variations  in  individual  com- 
ponents (such  as  size  and  shape  of  the  epiglottis) 
prevalent  in  the  population.  Detailed  information 
concerning  anatomy  and  functional  relationships  is 
readilv  available.'' 


Epiglottis 


Esophagus 


Trachea 


Fig.  1.  Sagittal  view  of  the  head  showing  the  anatomy  of 
the  upper  airway.  Note  the  anatomic  relationships  among 
the  epiglottis,  vallecula,  cricoid  cartilage,  and  vocal 
cords.  (Reprinted,  with  permission,  from  Reference  5.) 


Tongue 


ArylsncMO  Canilag* 


Fig.  2.  Left,  sagittal  view  of  the  upper  ainway.  Top  right, 
endoscopist's  view  of  the  larynx  during  laryngoscopy. 
Lower  right,  view  of  larynx  with  soft  tissues  removed. 
(Repnnted.  with  permission,  from  Reference  5.) 

pathology  involving  soft-tissue  and  bony  structures 
of  the  face  and  abnormalities  of  the  neck  and  pha- 
ryngeal or  laryngeal  anatomy,  one  is  alert  to  pos- 
sible difficulties  associated  with  lar\  iigoscopic  \is- 
ualization  and  intubation.  However,  patients  may 
appear  to  be  quite  "normal'  on  casual  visual  inspec- 
tion and  yet  present  major  difficulties  during  laryn- 
goscopy and  intubation.  A  number  of  methods  have 
been  advocated  to  alert  the  operator  to  impending 
difficulties  prior  to  performing  any  procedure 
in\ol\  ing  the  airway.'**  Assessment  encompasses  a 
wide  variety  of  activities  (Table  1 ).  Certain  char- 
acteristics of  the  oropharyngeal  ca\ity.  teeth,  and 
general  body  habitus,  and  head.  neck,  and  jaw 
motion  ha\e  been  described  (Table  2)  as  important 
predictors  of  a  "'difficult  intubation."'*  Many  \ari- 
ations  in  normal  anatom\  predispose  an  indi\  idual 
to  difficulties  during  airua\   nianaiienienl.  Correct 


Assessment 

Assessment  ot  the  upper  air\\a\  prior  to  intuba- 
tion is  a  fundamental  element  in  ihe  approach  to 
air\\a\  management.  Because  it  is  frequently  the 
unanticipated  difficult  intubation  that  leads  to  a  cata- 
strophic outcome,  it  is  important  to  review  certain 
assessment  techniques  that  have  been  advocated 
through  the  years.  In  the  presence  of  ob\ious  gross 


Tabic  I.    FalienI  Characteristics  To  Be  Assessed  chirini;  Clin- 
ical Airway  Evaluation 

Body  weight 

Jaw  moveiTient 

Head  and  neck  nio\  enicnt 

Thyromenlai  distance 

Oropharynx 

Configuration  of  mandible  and  tccih 


5U 
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Table  2.    Characteristic  Features  i>t' the  Patient  in  Whom  Intu- 
bation May  Be  Diftlcult 

Short  muscular  neck  with  a  full  set  of  teeth 

Receding  lower  jaw  with  obtuse  mandibular  angles 

Proiuding  upper  incisor  teeth  with  relative  overgrowth  of  the 
premaxilla 

Poor  mobility  of  the  mandible 

lAing.  high-arched  palate  associated  with  a  long,  narrow  mouth 

Increased  alveolar-mental  distance  necessitating  wide  opening 
of  the  mandible  for  laryngoscopy 

Small  glottic  opening 

History  of  tracheal  stenosis 

Poor  mobility  of  the  cervical  vertebra 


positioning  of  the  head  and  neck  to  align  the  three 
major  axes  is  of  utmost  importance  in  preparation 
for  laryngoscopy  (Figs.  3A-3C).'"  As  described  by 
Horton  et  al."  this  position  of  flexion  of  the  lower 
portion  of  the  cervical  spine  combined  with  exten- 
sion of  the  head  at  the  atlanto-occipital  joint  should 
produce  a  lower-neck  flexion  angle  of  35°  and  an 
extension  of  the  facial  plane  at  15°  relative  to  the 
horizontal  plane.  Inability  to  extend  the  head  at  the 
atlanto-occipital  joint  can  result  in  conditions  that 
allow  less  than  optimal  visualization  of  the  glottis. 
The  degree  of  extension  possible  at  this  joint  is 
often  a  function  of  the  abutment  of  the  occiput 
against  the  posterior  tubercle  of  the  jtlas.  In  gen- 
eral, the  wider  the  atlanto-occipital  distance  in  the 
neutral  position,  the  greater  the  degree  of  extension 
that  can  be  achieved.  This  distance  or  gap  has  been 
assessed  by  use  of  the  lateral  x-ray  of  the  cervical 
spine  in  the  neutral  position.  Several  published 
reports  have  confinned  the  value  of  this  assessment 
in  predicting  difficulties  during  intubation.'-'-' 
Although  there  is  wide  variation  in  the  atlanto- 
occipital  distance  when  the  head  is  in  the  neutral 
position,  the  presence  of  a  narrow  gap  should  cause 
concern. 

In  addition  to  normal  variations  in  anatomy, 
other  pathologic  conditions  of  the  cervical  spine 
(including  rheumatoid  arthritis  and  calcification 
and  bony  protuberances)  can  produce  a  limited 
range  of  motion.  In  routine  cases,  it  may  be  imprac- 
tical to  obtain  radiographic  assessment,  and  thus 
visual  inspection  of  neck  flexion  and  extension  in 
the  awake  patient  is  of  utmost  importance. 


Pharyngeal- 
igeal  axis 


Oral-Pharyngeal- 
L^ryngeal  axis 


Fig.  3A-C.  When  the  head  is  firmly  supported  and  placed 
in  the  appropriate  sniffing  position,  the  axes  align  in  one 
plane  to  facilitate  laryngeal  visualization.  (Reprinted,  with 
permission,  from  Reference  10.) 
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Wilson  el  al''*  identified  and  prospectively  e\alu- 
ated  five  other  factors  to  deterniiiie  their  predictive 
value  for  difficulty  encountered  during  subsequent 
intubation.  Included  were  body  weight,  head  and 
neck  movement,  jaw  movement,  the  presence  of  a 
receding  mandible,  and  the  presence  of  "buck" 
teeth.  These  factors  (individually  graded  at  three 
levels  of  severity)  were  prospectively  tested  using  a 
group  of  778  patients  intubated  by  a  group  of  8 
experienced  anesthesiologists  in  an  operating-room 
setting.  As  in  most  such  published  studies,  pre- 
diction of  difficulty  based  on  such  criteria  is  not 
always  100%  accurate.  In  the  study  by  Wilson  et 
al.  depending  on  the  threshold  level  chosen.  75%  of 
the  laryngoscopies  rated  as  difficult  by  the  intu- 
bating physician  would  have  been  predicted  by  pre- 
operative assessment:  the  false-positive  rate  was 
approximately  \29c.  When  individual  compo- 
nents— such  as  mandibular  configuration,  dental 
configuration  (especially  protruding  upper  teeth), 
and  size  of  mouth  opening — have  been  considered, 
the  results  confirm  lack  of  uniformity  in  predicting 
the  degree  of  difficulty  encountered  during  intuba- 
tion.'' It  is  important  to  underscore  the  message  that 
although  visual  inspection  and  assessment  of  sur- 
face anatomy  and  motion  prior  to  airway  man- 
agement are  well  described,  routinely  practiced, 
and  important,  they  are  less  than  totally  accurate  in 
predicting  difficulties. 

Mallampati  et  al'^""  and  somewhat  later  Sam- 
soon  and  Young'"  attempted  to  correlate  clinical 
observation  of  certain  soft-tissue  structures  within 
the  oropharynx  to  the  degree  of  visual  difficulty 
during  laryngoscopy.  In  theory,  when  the  base  of 
the  tongue  is  unusually  large  it  results  in  poor  vis- 
ualization of  faucial  pillars,  uvula,  and  soft  palate. 
These  findings  are  potential  predictors  of  inad- 
equate visualization  of  laryngeal  structures  during 
laryngoscopy.  Preintubation  assessment  is  per- 
formed with  the  awake  patient  sitting  in  the  upright 
posture  with  head  in  a  neutral  position.  The  mouth 
must  be  opened  as  wide  as  possible  and  the  tongue 
extended  to  permit  the  observer,  sitting  at  eye  level, 
to  inspect  the  pharynx.  Mallampati  and  col- 
leagues'""'"  originally  grouped  patients  into  one  of 
three  classes  based  on  whether,  during  prein- 
tubation inspection  as  described,  all  structures, 
some  structures,  or  only  the  soft  palate  could  be 
visualized.   This   classification    system    was   pros- 


pectively studied  in  210  patients  to  confirm  its  clin- 
ical utility.  Results,  summarized  in  Table  .\  com- 
pare preintubation  classification  with  degree  of  dif- 
ficulty encountered  by  physicians  and  nurse 
anesthetists. 

Table  3.    A  Scheme  for  Predicting  Intubation  Difficulty  from 
Preintubation  Inspection* 


Preintubation 


Difficulty  Encountered  durina  Intubation 


Classification       Grade 


Grade  2        Grade  3      Grade  4 


Class  1 1 

L^5(74%)§        125(59%)    30(14.3%)  0  0 

Class  2 

40(199f)  12(5. 7^f)    14(6.79f)      I()(4.7^H    4(1.9%) 


Class  3 
15(7%) 


0  I  (0.5%)       9  (4.3%)    5  (2.4%) 


*  Adapted  from  References  15  and  16. 

t Grade  1  (all  glottic  structures  visualized  during  laryngoscopy)  pro- 
gressing to  Grade  4  (no  glottic  structures  including  coniiculale  cartil- 
ages visualized). 

tClass  1  =  all  pharvngeal  structures  visualized;  Cla.ss  2  =  some  pha- 
ryngeal sinictures  visualized;  Class  3  =  only  soft  palate  visualized. 

§  Number  of  patients  (9r  total). 


Grade  1  conditions  were  described  as  alU)\ving 
visualization  of  all  glottic  structures,  whereas  the 
other  extreme.  Grade  4,  described  circumstances  in 
which  no  glottic  structures  including  comiculate 
cartilages  could  be  seen  during  standard  laryn- 
goscopy. As  described  in  the  table.  Class- 1  patients 
were  always  within  Grade  I  or  2  (ie.  adequate 
exposure  during  direct  laryngoscopy),  whereas  the 
preponderance  of  Class-3  patients  fell  into  Grades 
.^  and  4  (ie.  inadequate  exposure).  Class-2  patients 
demonstrated  considerable  overlap  between  grade 
levels  and.  allhough  the  results  are  highly  sig- 
nificant and  support  the  hypothesis  that  difficult 
laryngeal  \  isualizatitin  can  be  predicted,  applica- 
tion of  the  system  does  not  predict  difficulty  with 
l()09r  accuracy.  Other  generalized  conditions  such 
as  edema  occurring  with  pregnancy,  organ  system 
disease,  or  local  infection  and/or  trauma  may  con- 
found predictability  uhen  soft-tissue  ct)nfiguration 
is  being  evaluated. 

Finally,  simple  ob.seryations  have  been  de- 
scribed as  predictors  of  difficulty.  White  and 
Kander'^  have  noted  that  an  increase  in  the  pos- 
terior depth  of  the  mandible  can  limit  displacement 
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of  soft  tissues  by  the  laryngoscope  blade  and  iluis 
limit  visiiali/ation.  Measurement  of  the  distance 
from  the  thyroid  notch  to  the  mental  protuberance 
with  the  neck  extended  can  be  useful.'"  Reduced 
mandibular  length  and  increased  anterior  depth  of 
the  mandible  have  also  been  found  in  patients 
judged  difficult  to  intubate.-" ''  Measured  distances 
such  as  between  the  mentuni  and  thyroid  cartilage 
are  likely  to  be  influenced  by  anatomic  factors  such 
as  laryngeal  position,  obesity,  and  head  extension 
as  well  as  the  already  described  characteristics  of 
the  mandible.  Although  the  features  described 
(either  alone  or  in  combination)  have  predictive 
value,  no  one  single  observation  has  proved  to  be 
superior.  However,  such  observations  do,  with  min- 
imal commitment  of  time  and  effort,  increase  the 
awareness  of  difficulties  that  may  be  encountered. 

Upper  Airway  Pathology 

In  addition  to  variations  of  normal  anatomy, 
pathologic  conditions  must  be  considered.  Four 
representative  types  of  pathology  with  the  potential 
for  complicating  laryngoscopy  and  intubation  are 
summarized  in  Table  4. 

Table  4.    Upper  Airway  Pathology  that  May  Make  Intubation 
Difficult 

Congenital  defects 

Edema 

post-traumatic 
infectious 

Neoplasm 

Trauma 
acute 
delayed  (stenosis) 


larynx,  and  upper  trachea.  Obvious  craniofacial 
defects  include  congenital  fusion  of  the  jaws, 
rept)rted  to  frequently  occur  in  association  with 
aglossia  (absence  of  the  tongue)  and  retrognathia 
(presence  of  a  receding  jaw).  Macroglossia,  with  or 
without  associated  1\ niphangioma  or  hemangioma, 
makes  direct  \  isuali/ation  ot  laryngeal  structures 
unlikely.  More  complicated  defects  such  as  max- 
illofacial cleft,  mandibulofacial  dysostosis  (Treach- 
er-Collins  syndrome),  craniofacial  dysostosis,  and 
Klippel-Feil  syndrome,  and  the  problems  that  they 
pose  during  airway  management  have  been  well 
described."  These  and  other  soft-tissue,  osseous, 
and  cartilaginous  malformations,  usually  evident 
on  clinical  examination,  are  examples  of  congenital 
lesions  that  should  raise  awareness  and  concern 
prior  to  intubation.  Less  obvious,  but  equally 
impoilant,  are  congenital  lesions  involving  the 
supra-  and  subglottic  area,  including  cysts  and  cys- 
tic hygroma.  Such  lesions  may  not  be  noted  during 
clinical  evaluation  due  to  their  subtle  presentation, 
but  they  can  produce  anatomic  obstruction,  inter- 
fere with  ventilation  during  induction,  and  create 
difficulty  during  intubation.  More  distal  congenital 
vascular  lesions  including  aberrant  pulmonary  and 
innominate  arteries  and  double  aortic  arch  create 
special  problems.  These  lesions  are  not  obvious 
during  clinical  evaluation  or  in  the  course  of  laryn- 
goscopy but  rather  can  impede  distal  placement  of 
the  endotracheal  tube  into  the  airway  once  it  passes 
through  the  vocal  cords.  Congenital  stenosis  in  the 
immediate  subglottic  area  or  in  the  more  distal  tra- 
chea can  produce  similar  problems.  Although  many 
of  these  conditions  result  in  unavoidable  problems 
during  airway  management,  a  high  index  of  sus- 
picion and  a  well-executed  alternative  plan  are 
es.sential  for  a  desirable  end  result. 

Edema 


Congenital  Lesions 

Congenital  lesions  are  a  consequence  of  abnor- 
mal embryologic  development  and  range  in  com- 
plexity from  severe,  life-threatening,  and  obvious 
defects  to  those  that  are  much  more  subtle  and 
indistinct.  Pathology  can  exist  at  any  site  within  the 
upper  respiratory  tract  including  the  nasopharynx. 


Two  common  mechanisms  of  edema  production 
are  airway  trauma  and  infection.  Edema  can  result 
from  direct,  blunt  trauma  of  the  face  and  neck  or 
recent  therapeutic  or  diagnostic  airway  manipula- 
tion (eg,  laryngoscopy,  bronchoscopy,  or  endo- 
tracheal- or  nasogastric-tube  insertion).  Recogni- 
tion and  anticipation  of  difficulty  in  the  presence  of 
edema  are  important  because  any  additional  trauma 
from  airway  manipulation  can  further  compromise 
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an  already  tenuous  siuialion.  Conditions  can 
quickly  worsen  to  make  ventilation  impossible  and 
necessitate  an  invasive  approach  to  secure  the  air- 
way. Intlammatory  causes  of  edema  encompass  a 
number  of  bacterial  and  \iral  infections.  Supra- 
glottic  structures  are  frequciul\  involved  as  a  result 
of  bacterial  infection.  Retrt)pharyngeal  and  tonsilar 
abscess  have  the  potential  for  markedly  altering  the 
anatomy  of  the  upper  airway  causing  airway 
obstruction  and  producing  conditions  that  hinder 
intubation  by  standard  techniques,  in  addition,  epi- 
glottitis (generally  secondary  to  Hemophilus 
influenzae  or  staphylococcal  or  streptococcal  infec- 
tion) may  produce  a  rapidly  progressive,  supra- 
glottic  swelling.  This  clinical  entity  must  be  cau- 
tiously managed  by  the  most  experienced  en- 
doscopist available  because  measurable  morbidity 
and  mortality  exist  when  instrumentation  is  per- 
formed under  uncontrolled  circumstances.  Viral 
infections  can  result  in  lymphadenopathy  and  local- 
ized subglottic  edema.  Croup,  secondary  to  a  local- 
ized viral  infection,  results  in  an  edematous  condi- 
tion that  reduces  cross-sectional  diameter  of  the 
airway  in  the  subglottic  area.  Any  traumatic  or 
uncontrolled  attempt  at  placement  of  an  endo- 
tracheal tube  through  an  airway  with  pre-existing 
edema  and  limited  cross-sectional  airway  diameter 
can.  if  unsuccessful,  result  in  rapid  progression  of 
swelling  and  resultant  total  airway  obstruction. 

Neoplastic  Lesions 

Benign  and  malignant  tumors  can  involve  the 
airway  at  various  levels  including  the  oral  cavity, 
posterior  pharynx,  larynx,  and  trachea.  A  variety  of 
primary  and  secondary  (metastatic)  lesions  have 
been  described  within  the  airway.-'-'*  Airway  ob- 
struction, inability  to  visualize  laryngeal  structures 
due  to  mass  effect  in  the  oral  or  posterior  pharynx, 
and/or  inability  to  pass  endotracheal  tubes  through 
laryngeal  or  tracheal  structures  are  potential  prob- 
lems. These  lesions  create  a  potentially  complex 
situation  because  bleeding,  fragmentation  of  the 
tumor  mass  (especially  where  it  is  necrotic  and  fri- 
able), and  swelling  secondary  to  direct  trauma  may 
create  unpredictable  and  life-threatening  situations. 
Recognition,  rapid  action,  and  a  well-thought-out 
alternative  approach  to  airway  management  are 
essential  to  effective  handlins. 


Traumatic  Injury 

Traumatic  injury  most  commonly  involves  the 
airway  at  the  level  of  the  larynx,  cervical  trachea, 
or  carina.  Acute  trauma,  secondary  to  blunt  injury 
to  the  face  and  neck,  can  create  a  circumstance  in 
which  a  functional  airway  exists  and  allows  ade- 
quate gas  exchange  but  also  a  circumstance  in 
which  attempts  at  intubation  with  resultant  airway 
dehi.scence  may  accentuate  the  injury,  with  con- 
sequent morbidity  and  mortality.  Airway  manage- 
ment under  these  circumstances  relies  on  expe- 
rience, versatility  of  approach,  and  a  coordinated 
effort  by  those  providing  therapy.-*^ 

Delayed,  postintubation,  and/or  post-tracheot- 
omy lesions  generally  are  stenotic  or  malacic.  Sten- 
osis secondary  to  ulceration  and  scar  formation 
generally  involves  supra-  and  subglottic  areas  and 
the  upper  trachea.  Factors  such  as  tube  size,  cuff 
design,  duration  of  intubation,  local  infection,  and 
generalized  state  of  nutrition  govern  the  develop- 
ment and  extent  of  injury.-"  -  These  specific  exam- 
ples of  airway  pathology  are  important  because 
they  represent  clinical  situations  that  require  appre- 
ciation of  etiology  of  injury,  an  organized  approach 
to  management,  and  an  alternative  method  when 
the  primary  technique  fails. 

Intubation  Techniques  and  Equipment 

Equipment 

Standard  direct  laryngoscopy  utilizes  a  laryngo- 
scope comprised  of  a  self-contained  battery  handle 
and  one  of  a  wide  variety  of  curved  or  straight 
blades.  Advantages  and  disadvantages,  appropriate 
positioning,  and  the  technique  of  rigid  laryn- 
goscopy are  well  described.-"-'^  Fiberoptic  endos- 
copy utilizes  malleable  and  flexible  endoscopes 
designed  specifically  for  laryngoscopy  and  endo- 
tracheal intubation.  The  third  technique  includes 
retrograde  translaryngeal  wire-guided  intubation 
and  use  of  illuminating  intubation  stylets  or  wands. 
Each  of  the.se  techniques  requires  adequate  expe- 
rience, complete  understanding  of  the  technical 
approach,  and  a  knowledge  of  specific  advantages 
and  disadvantages  of  each. 
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Technical  Approach 

Three  major  categories  of  approach  lo  elective 
and  emergenc\  endotracheal  intuhation  can  be 
described.  The  direct  approach,  using  one  ot  a 
nuniher  of  standard  rigid  and  fiberoptic  iaryn- 
goscopic  iechnic|ues.  inxolves  direct  \  ision  of  the 
laryngeal  structures  and  subsequent  intubation. 
Indirect  methods,  frequently  designated  "blind  intu- 
bation." usually  involve  tube  placement  without 
visualization  of  airwav  structures,  with  position 
governed  by  breath  sounds  and  patient  response.  A 
third,  invasive  approach,  involves  transcutaneous 
cannulation  of  the  trachea  or  placement  of  a  w  ire  or 
stylet  for  retrograde  intubation.  Level  of  patient 
avv'areness  varies  from  awake  to  completeh  anes- 
tiietized.  and  muscle  relaxants  ma\  or  ma\  not  be 
Lised. 

A  specific  strategy  with  alternative  measures  is 
an  important  consideration  vvhen  difficulty  in  air- 
wav  management  is  encountered.  The  degree  of 
benefit  derived  from  a  planned  approach,  although 
not  proven,  is  suggested  in  the  literature.  Specific 
strategies  are  often  presented  in  the  form  of  a  com- 
prehensive plan  or  algorithm  as  shown  in  Figure 
4.'"  .Although  a  variety  of  algorithms  have  been 
advocated  and  published,  various  factors  intTuence 
the  form  they  should  take.  Factors  include  types  of 
patient  managed,  anticipated  skill  and  experience 
of  those  providing  care.  and.  potentially,  the  setting 
(in-  or  outside  of  the  hospital,  operating  suite.  ICU. 
or  other  urgent-care  location). 

The  general  strategy  should  consider  patient 
awareness  first.  In  situations  in  which  a  difficult 
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Fig.  4.  Flow  chart  for  airway  management  when 
attempted  intubation  is  unsuccessful.  (Reprinted,  with 
permission,  from  Reference  30.) 


intubalion  is  anticipated  (eg.  prior  history  of  diffi- 
culty, obvious  anatomic  abnormalities,  or  trauma), 
the  initial  approach  should  incorporate  use  of  topi- 
cal anesthesia  and.  if  feasible,  local  nerve  blocks. 
Sedation  is  often  utili/ed  once  the  operator  has 
assessed  patient  response,  level  of  discomfort,  and 
the  technical  aspects  of  airway  management  Cau- 
tion is  necessary  at  this  stage  because  a  poorly 
thought-out  or  mismanaged  pharmacologic  ap- 
proach can  convert  a  stable  situation  to  one  of  dif- 
ficulty. This  may  occur  secondary  to  inexperience, 
poor  selection  of  drug  and  dosage,  or  inabilitv  to 
appropriately  assess  airway  conditions. 

Blind  Intubation 

Blind  nasal  intubation  is  advantageous  for  the 
patient  who  is  awake  and  breathing  spontaneously 
and.  in  general,  is  an  ideal  choice  when  time  is  not 
an  important  factor.  Preintubation  preparation  with 
use  of  topical  anesthesia  and  a  vasoconstrictor 
(cocaine  or  a  phenylephrine)  in  the  nasopharynx  is 
important  to  ensure  patient  comfort  and  coop- 
eration. Selection  of  an  endotracheal  tube  of  appro- 
priate size  is  most  important.  Placement  is  gov- 
erned by  visual  and  tactile  cues,  including  soft- 
tissue  resistance  with  tube  advancement,  air  move- 
ment, and.  frequently,  evidence  of  condensation 
during  exhalation  on  the  inner  wall  of  the  endo- 
tracheal tube.  Coughing,  normalization  of  inspir- 
atory and  expiratory  efforts,  and  increased  airflow 
are  often  end  points  of  successful  tube  placement. 
Advantages  of  this  approach  are  that  the  patient 
continues  to  breath  spontaneously,  has  abilitv  to 
clear  secretions  from  his  airway,  and  can  be  man- 
aged in  a  variety  of  positions.  Disadvantages 
include  the  fact  that  it  is  time-consuming  and, 
when  improperly  performed,  may  produce  undue 
trauma  to  the  nasal  mucosa  and/or  structures  of  the 
posterior  pharynx.  The  diameter  of  the  tube  used  is 
limited  by  the  size  and  shape  of  the  nasal  passage: 
a  longer  tube  is  required,  and  complications  includ- 
ing sinusitis  and  necrosis  of  the  nares  are  possible. 

Awake  Oral  Intubation 

Awake  oral  intubation  is  an  approach  that 
requires  adequate  time  to  establish  appropriate  top- 
ical anesthesia  of  oral  and  pharyngeal  structures 
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and/or  use  of  nerve  blocks.  When  done  under  direct 
vision,  some  degree  of  sedation  is  generally 
required  because  placement  of  a  foreign  body  such 
as  a  laryngoscope  blade  in  the  posterior  pharynx 
produces  a  strong  stimulus  for  gagging,  coughing, 
and  movement.  A  disadvantage  is  the  potential 
need  for  significant  amounts  of  sedation  resulting 
in  loss  of  cooperation  and  airway  protective 
reflexes.  Advantages  over  the  nasal  approach 
include  a  decreased  risk  of  soft-tissue  trauma,  use 
of  a  tube  of  larger  bore  and  shorter  length,  and 
avoidance  of  complications  such  as  sinusitis  and 
middle-ear  infection. 

Flexible  Fiberoptic  Intubation 

Flexible  fiberoptic  endoscopy  for  intubation, 
described  by  Muiphy"'  in  1967.  has  become  an 
important  adjunct  in  management  of  nonnal  and 
abnormal  airways  (Table  5).  This  approach  is  a 
useful  alternative  to  performing  con\  entional  nasal 
or  oral  intubation  in  awake  or  minimally  sedated 
patients.  It  allows  more  complete  visualization  of 
airway  structures  than  may  be  possible  by  conven- 

Table  5.     Indications  for  Fiberoptic  Intubation 

Routine  intubation  (experience/teaching) 

Difficult  intubation 
Anticipated 

Histor>-  of  prior  difficulty 

Physical  evidence  of  difficulty 
Unanticipated 

Failure  of  standard  methods 

Compromised  airway 

Upper  airway  pathology 
Tracheal  pathology 

Limited  neck  niohilii) 
Trauma 
Chronic  disea.se 

tional  laryngoscopy  in  some  patients.  In  addition,  it 
is  less  stimulating  and  thus  more  comfortable  than 
is  rigid-blade  laryngoscopy  when  correctly  per- 
formed. Limited  operator  experience  and  the  pres- 
ence of  abundant  secretions  and  excessive  quan- 
tities of  blood  in  the  airway  can  complicate 
implementation.  Secondary  advantages  include 
ability  to  suction  secretions  from  the  airways  dur- 


ing intubation,  capability  to  administer  supplemen- 
tal oxygen  during  the  procedure,  and  ability  to  con- 
firm intubation  and  tube  position  (particularly 
important  when  unusual  tube  positioning,  such  as 
selective  endobronchial  intubation  or  tracheal 
pathology,  requires  precise  placement).  .-X  number 
of  excellent  reviews  and  monographs  have  detailed 
the  specific  details  for  implementing  fiberoptic 
techniques.-'--^'* 

Rijjid  Fiberoptic  Intubation 

Rigid  fiboroplic  laryngoscopes,  similar  in  design 
to  rigid  bronchoscopes,  are  suitable  for  an  oral 
approach  only  and  require  an  experienced  operator 
to  accomplish  "straight  line"  introduction  into  the 
upper  airway.  Because  of  the  rigid  design,  the 
patient's  anatom\  must  conform  to  the  configura- 
tion of  the  scope,  and  management  of  jaw  and 
tongue  position  is  critical. 

So-called  malleable  fiberoptic  laryngoscopes 
offer  advantages  and  disadvantages  of  both  flexible 
and  rigid  designs.  They  are  "molded"  to  conforin  to 
the  anticipated  shape  of  the  patient"s  airway  prior 
to  insertion.  Passage  through  the  oral  and  posterior 
phar\'ngeal  cavity  is  less  difficult  than  with  a  truly 
straight  rigid  scope  and  somewhat  easier  to  direct 
than  with  a  truly  flexible  device,  which  requires 
somewhat  more  precise  control.  The  malleable 
scope  has  the  advantage  of  being  able  to  move  soft 
tissue  out  of  the  w  ay  during  advancement.  In  addi- 
tion, the  instrument,  manufactured  by  the  American 
Optical  Company,  can  be  illuminated  by  a  battery 
in  the  handle  or  by  a  cable  and  standard  high- 
intensity  light  source. 

Retrofjrade  Techniques 

Retrograde  intubation  techniques  are  useful  in 
many  special  circumstances  especially  in  patients 
who  have  sustained  significant  maxillofacial 
trauma.'"'  The  method  of  choice  is  determined  by 
clinical  circumstances,  availability  of  equipment, 
and  experience  oi  the  operator.  A  number  oi  retro- 
grade techniques  ha\e  been  described  that  use 
guides  that  pass  percutaneously  through  the  cri- 
cothvroid  membrane  and  exit  \ia  the  mouth  or 


nares 


_'6,37 


Guides  have  included  small  venous  and 
epidural  catheters,  vascular  wires  (Seldinger  or  J- 
wire).   and   silk   and   n\lon   thread.'""*  A   simple 
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approach  utilizes  readily  available  \  ascular-access 
equipment  consisting  of  a  l^)-gauge  thin-wall  nee- 
dle and  J-uire.  l-'oUowing  appropriate  positioning 
and  skin  preparation,  the  needle  is  passed  per- 
cutaneously  through  the  cricothyroid  membrane 
and  directed  approximately  30""  cephalad  from  the 
perpendicular.  The  guide  is  advanced  retrograde 
into  the  airway  and  through  the  larynx  to  enter  the 
oral  cavity  or  exit  via  the  nares.  An  appropriately 
sized  endotracheal  tube  is  threaded  over  the  guide 
and  advanced  into  the  upper  airway  and  the  laryn- 
geal aperture."'"'*'  Difficulty  can  occur  when  pas- 
sage of  the  tip  of  the  endotracheal  tube  into  the  lar- 
ynx is  attempted  and  is  diverted  by  soft-tissue 
structures  such  as  the  epiglottis  or  vallecula.  Tube 
rotation,  movement  of  the  larynx  by  the  operator 
via  the  anterior  surface  of  the  neck,  or  use  of  larger, 
stiffer  guides  and  fiberoptic  bronchoscopes  passed 
antegrade  over  the  original  guide  are  used  to  resolve 
this  problem."*-^'  Although  no  data  are  available  to 
determine  the  success  rate  of  this  approach,  it  is  an 
important  and  perhaps  underutilized  technique  for 
the  management  of  difficult  airways. 

Illuminated  Wands 

Light  wands  or  illuminated  stylets  have  been 
successfully  used  to  facilitate  tube  entry  into  the 
larynx  without  direct  vision.'*'*"*''  The  device  is 
passed  in  awake  or  anesthetized  patients  via  nose  or 
mouth,  and  transillumination  aids  in  the  identifica- 
tion of  relevant  structures.  This  relatively  simple 
yet  efficient  technique  has  been  shown  to  be  effec- 
tive both  in  adult  and  pediatric  patients.""'"'^  and  is  a 
logical  alternative  when  conventional  approaches 
have  failed.  One  specific  application  is  in  cases  in 
which  cervical-spine  pathology  limits  proper  neck 
motion  and  head  position.'*'^  Effective  use  of  this 
technique  can  be  limited  by  lack  of  appreciation  for 
anatomy,  excessive  quantities  of  subcutaneous  tis- 
sue, and  bright  levels  of  ambient  light. 

Airway  Management  without  Intubation 

In  special  circumstances,  intubation  may  not  be 
possible  and  mask  ventilation  may  not  maintain 
adequate  gas  exchange.  This  probably  occurs  most 
frequently  in  the  prehospital  setting  when  care  pro- 
viders are  not  suitably  trained  or  permitted  to  intu- 


bate. Alternative  techniques  have  been  developed  to 
fill  this  therapeutic  void.  In  addition,  some  in-hos- 
pital  patients  cannot  be  intubated  by  conventional 
techniques  because  of  upper  airway  pathology. 

Esophageal  Obturator  Airway  (EOA) 

This  device  (Fig.  S^**)  was  described  by  Don 
Michael  et  al'^"  in  1968.  and  has  been  used  exten- 
sively in  clinical  practice  since  1972.  The  tube  with 
occluded  distal  tip  is  introduced  blindly  into  the 
mouth  and  then  advanced  into  the  esophagus.  Once 
in  position,  the  cuff  is  inflated  and  the  mask  posi- 
tioned appropriately  over  the  mouth  and  nose.  Bag- 
to-tube  or  mouth-to-tube  ventilation  escapes  via  the 
small  holes  in  the  tube  into  the  pharynx  and  sub- 
sequently passes  through  the  larynx  into  the  lung. 
The  balloon  and  occluded  distal  tip  prevent  air 
from  entering  the  stomach  and  protect  against  gas- 
tric regurgitation.  Adequacy  of  ventilation  depends 
on  a  secure  mask  fit.  appropriate  balloon  inflation, 
and  patency  of  the  larynx  and  conducting  airway. 
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Fig.  5.  Esophageal  obturator  airway.  See  text  for  details. 
(Reprinted,  with  permission,  from  Reference  49.) 
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Fig.  6.  Esophageal  gastric  tube  airway.  See  text  for 
details.  (Reprinted,  with  permission,  from  Reference  49.) 

The  principal  use  of  the  EOA  has  been  by  para- 
medics in  the  setting  of  prehospital  cardio- 
pulmonary resuscitation,  with  general  overall  suc- 
cess.^''^'  Reported  complications  include  technical 
difficulty  converting  to  standard  intubation,  esoph- 
ageal injury,  and  inadvertent  tracheal  intubation. ■"' 
The  role  of  EOA  in  the  context  of  unsuccessful 
intubation  in  hospitalized  patients  is  probably  mini- 
mal given  the  availability  of  beller  alternatives. 

Esophageal  Gastric  Tube  Airway  (EGTA) 

The  application  and  utility  of  this  device  (Fig.  6) 
are  similar  to  the  EOA.  The  major  difference  is  the 


patent  lumen  of  the  esophageal  tube  that  permits 
gastric  decompression.  The  gas-exchange  port  is 
located  on  the  mask.  Factors  governing  inadequate 
function  and  complications  are  similar  to  those 
cited  for  the  EOA. 

Esophageal  Irachea!  C'ombitube  (ETC) 

This  device  (Fig.  7)  combines  the  features  of  an 
esophageal  obturator  and  an  endotracheal  tube.  As 
described  by  Frass  et  al.""  the  ETC  is  a  twin-lumen 
tube  with  one  lumen  resembling  an  EOA  and  the 
other  an  endotracheal  tube.  A  pharyngeal  balloon, 
similar  in  function  to  the  mask  of  an  EOA.  pre\  ents 
egress  of  gas  through  the  mouth  and  nose.  A 
smaller  cuff  at  the  distal  end  of  the  tube  serves  to 
seal  either  trachea  or  esophagus  depending  on  loca- 
tion. Perforations  in  the  esophageal  lumen  pixnide 
ventilation  \ia  the  pharynx  through  the  larynx  in  a 
fashion  similar  to  the  EOA  if  the  tube  is  passed 
blindly  into  the  esophagus;  if  placed  into  the  tra- 
chea, the  patent  tracheal  lumen  is  utilized  for  ven- 
tilation in  a  con\entional  manner.  The  versatility 
provided  with  the  double-lumen  s\stem  obviates 
some  of  the  potential  hazards  described  with  other 
esophageal  tubes.  Adequacy  of  function  has  been 
described  during  conditions  of  cardiopulmonary 
resuscitation,  surgery."'^  and  intensive  care.'^''  The 
full  extent  of  clinical  application  bt)th  in  and  out  of 
hospital  settings  remains  to  be  defined. 

Laryngeal  Mask  Airway  (EM.V) 

This  oval  mask-like  device  (Fig.  8),  originally 
described  bv  Brain  in   1^)8.^.'"'  was  designed  to  be 


Fig.  7.  Esophageal  tracheat  Combitube.  (Reprinted,  with 
permission,  from  Reference  50.) 
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inserted  into  the  posterior  pharynx  to  provide  an 
airway  in  anesthetized  patients.  The  mask  with  an 
inflatable  rim  is  conneeted  to  a  12-mm-lD  tube. 
With  the  patient's  head  in  a  sniffing  position,  the 
hibrieated  mask  is  placed  into  the  oral  pharynx 
w  ith  the  mask  opening  lying  adjacent  to  the  tongue. 
The  mask  is  advanced  imtil  resistance  is  encoun- 
tered, which  generally  means  that  the  tip  rests  in 
the  proximal  esophagus  with  mask  opening  adja- 
cent to  the  larynx.  Once  in  position,  the  rim  cuff  is 
inflated  to  produce  a  seal.  Tube  and  laryngeal  mask 
allow  gas  flow  through  the  nonintubated  larynx. 
The  utility  of  this  device  lies  between  those  of 
mask  \entilation  and  tracheal  intubation.  Advan- 
tages are  associated  with  ease  of  placement  by 
trainees  with  minimal  experience  when  compared 
to  attempted  endotracheal  intubation.""^  Potential 
difficulties  include  obstruction  of  the  laryngeal 
aperture,  laryngospasm,  and  aspiration  (the  latter 
possible  because  the  esophagus  and  larynx  are  not 
isolated  with  this  technique).  The  role  of  this  seem- 
ingly simple  device  in  the  prehospital  setting  and  in 
management  of  patients  with  airway  pathology, 
failed  intubation,  and  other  conditions  remains  to 
be  defined. 

Transtracheal  Jet  Ventilation  (TJV) 

This  is  an  invasive,  potentially  life-saving  pro- 
cedure suitable  for  the  patient  who  is  impossible  to 


Fig.  8.  Laryngeal  mask  airway.  (Reprinted,  with  per- 
mission, from  Reference  53.) 


intubate  and  is  difficult  to  ventilate  with  standard 
noninvasive  approaches.  As  extensively  reviewed 
by  Benumof  and  Scheller,^'*  TJV  has  been  shown  to 
be  a  relatively  safe,  extremely  effective  mode  of 
therapy  in  situations  in  which  ventilation  and  intu- 
bation are  not  possible.  Percutaneous  TJV  when 
performed  with  a  large-bore  I.V.  catheter  or  similar 
device  is  much  more  expedient  than  a  more  tradi- 
tional tracheotomy  and  perhaps  even  percutaneous 
cricothyroidotomy.  A  number  of  variations  of  sys- 
tem design  have  been  described.""^  A  shortcoming 
of  this  technique  is  that  all  of  the  appropriate  equip- 
ment including  catheters,  connectors,  and  a  high- 
pressure  gas  source  must  be  readily  available  at  the 
time  and  place  that  airway  difficulties  are  encoun- 
tered. Serious  complications  of  TJV  are  es,sentially 
those  related  to  delivery  of  gas  under  high  pressure 
and  needle-puncture  injury.  Most  serious  are  sub- 
cutaneous emphysema,  mediastinal  emphysema, 
pneumothorax,  esophageal  puncture,  bleeding,  and 
hematoma. '''•*°  In  general,  such  complications  can 
be  avoided  with  appropriate  patient  selection  and 
careful  and  correct  placement  of  the  catheter  into 
the  airway  to  ensure  adequate  egress  of  air  from  the 
respiratory  system  when  the  catheter  is  connected 
to  a  high-pressure  gas  source. 

Minitracheotomy 

Self-contained  kits  provide  small-bore  catheters 
with  appropriate  adapters  to  facilitate  gas  flow  in 
those  patients  who  are  unable  to  ventilate  and  can- 
not be  intubated.  Although  many  such  kits  were 
designed  to  provide  airway  access  for  suctioning  in 
the  in-hospital  patient,  they  can  provide  rapid 
access  into  the  airway  via  the  cricothyroid  mem- 
brane.^' An  advantage  of  this  system  is  that  all  nec- 
essary equipment  is  readily  available  in  one  kit  and 
adapters  allow  I.V.  catheters  to  be  attached  to  con- 
ventional hand  resuscitator  systems  to  facilitate 
ventilation.  Complications  of  this  technique  are 
similar  to  those  described  for  TJV. 

Pharmacologic  Adjuncts  to 
Airway  Management 

Pharmacologic  intervention  is  often  required  to 
provide  increased  patient  comfort  and  cooperation 
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and  to  tacililate  laryngoscopy  and  endotracheal 
intubation.  A  variety  of  agents  are  utilized  includ- 
ing ( 1 )  sedative  hypnotics  (tor  decreased  awareness 
and  reduced  level  of  consciousness).  (2)  narcotic 
analgesics  (for  decreased  pain).  {})  anesthetic 
agents  (to  produce  a  state  of  unconsciousness),  and 
(4)  muscle  relaxants  (to  prevent  movement  and 
eliminate  muscle  tension).  Drugs  from  several  cat- 
egories are  often  administered  in  combination 
depending  upon  the  desired  objectives.  Aithcnigh 
use  o\'  these  agents  clearly  can  facilitate  both  laryn- 
goscopy and  intubation,  steps  must  be  taken  to 
ensure  that  they  are  titrated  to  the  desired  effect 
because  each  alone  or  in  combination  can  have 
untoward  effects  that  may  compound  an  already 
existing  critical  situation.  Avoidance  of  such  com- 
plications depends  upon  a  knowledge  of  the  phar- 
macodynamics and  pharmacokinetics  of  these 
drugs,  appropriate  selection  in  any  given  clinical 
situation,  and  ability  to  manage  complications  and 
side  effects  should  they  occur.  I  focus  on  specific 
agents  most  frequently  used  in  the  course  of  airway 
management  and  do  not  provide  an  exhaustive  and 
authoritative  review  of  the  subject. 

Sedative  Hypnotics 

Sedation  may  be  produced  by  several  types  of 
drugs  including  barbiturates,  benzodiazepines,  and 
anesthetic-induction  agents  including  ketamine  and 
propofol.  In  general,  the  intent  of  therapy  is  to 
reduce  anxiety  while  minimally  affecting  pro- 
tective mechanisms  such  as  gag.  swallow,  and 
coughing.  Characteristically,  this  group  of  agents 
produces  a  spectrum  of  effects  ranging  from  mild 
sedation  to  severe  central  nervous  system  depres- 
sion and  resulting  coma.  They  provide  no  anal- 
gesia: patients  often  respond  to  painful  stimuli  as 
exhibited  by  movement  and  autonomic  nervous 
system  activity.  Amnesia  is  governed  by  the  spe- 
cific agent  used  and  do.se  administered.  Barbitu- 
rates, especially  thiopental,  are  often  selected 
because  their  rapid  onset  and  short  duration  of 
action  are  useful  when  given  in  appropriate 
amounts.  These  agents  may.  in  higher  doses,  pro- 
duce profound  unconsciousness,  loss  of  protective 
reflexes,  and  cardiorespiratory  depression.  Recov- 
ery is  a  function  of  redistribution  and  metabolism 
without  availability  of  a  specific  'reversal"  agent. 


Benzodiazepines  including  diazepam  (Valium) 
and  midazolam  (Versed)  have  been  widely  used 
during  therapeutic  and  diagnostic  procedures 
involving  the  airway.  Sedation  with  amnestic  effect 
and  titratable  characteristics  make  these  agents 
attractive  for  such  applications.  Cardiac  depression 
related  to  alpha-adrenergic  blocking  effects  of  the 
drugs  is  an  anticipated  side  effect:  respiratory 
depression,  especially  vshen  combined  with  nar- 
cotic administration,  must  also  be  anticipated. 
Duration  of  action  is  agent-specific,  dose-depen- 
dent, and  governed  by  other  variables  such  as  age. 
Again,  experience  and  ability  to  manage  the  unto- 
ward effects  are  of  utmost  importance.  Propofol.  a 
new  lipid-solubie  isopropyl  phenol  produces  a 
rapid  induction  of  anesthesia,  similar  to  bar- 
biturates when  given  in  suitable  doses  (1.5-3  mg/ 
kg)  and  lasting  for  a  period  of  minutes.  When  given 
in  lesser  concentrations,  by  slow  l.V.  titration, 
sedation  without  loss  of  consciousness  is  casiK 
achieved.  In  contrast  to  the  barbiturates,  residual 
sedative  effects  are  minimal  upon  awakening,  mak- 
ing it  an  ideal  agent  for  airway  manipulation. 
Obtunded  airway  reflex  and  minimal  side  effects 
such  as  nausea  and  vomiting  are  marked  advan- 
tages; respiratory  and  cardiovascular  depression, 
although  dose  related,  are  undesirable  side  effects. 

Ketamine.  a  phencyclidine  deri\ati\e.  produces 
a  rapid  onset  of  unconsciousness  after  intra\enous 
doses  of  1-2  mg/kg.  Lower  doses  tend  to  produce  a 
dissociative  state  without  true  unconsciousness  but 
provide  some  amnesia  and  some  analgesia.  Per- 
sistence of  skeletal  mu.scle  tone,  especially  in  the 
upper  airway,  is  a  somewhat  undesirable  feature 
during  air\\a\  manipulation.  Cardio\ascular  func- 
tion is  well  maintained  due  to  direct  stimulation  of 
the  sympathetic  nervous  .system  unless  there  is  a 
pre-existenl  depletion  of  endogenous  catechol- 
amines. Emergence,  especially  if  sufficient  quan- 
tities are  administered,  may  be  as.sociated  with  dis- 
turbing auditory,  visual,  and  proprioceptive  illu- 
sions that  can  lead  to  a  state  of  delirium.  With  the 
ad\  cnt  of  shorter  acting  benzodiazepines  and  drugs 
such  as  propofol,  use  of  ketamine  during  airway 
manipulation  has  become  less  attractive. 

Narcotic  Analgesics 

Several  naturally  occurring  and  synthetic  narcot- 
ics are  available  for  use  during  air\\a\  procedures. 


544 


RESPIRATORY  CARE  •  JUNE  "92  Vol  .^7  No  6 


UPPER  AIRWAY  PROBLEMS 


These  drugs,  generally,  are  central  nervous  system 
depressants  often  producing  a  sense  of  trancjuility 
and  euphoria,  decreased  discoinforl  and  awareness, 
and  suppression  of  cough  reflex. 

The  most  common  adverse  side  effects  are  pro- 
found respiratory  and  cardiovascular  depression. 
Narcotics  are  most  useful  adjuncts  when  titrated  in 
combination  with  other  drugs  such  as  barbiturates 
or,  more  commonly,  the  benzodiazepines.  Dosage 
and  duration  of  effect  are  a  function  of  the  specific 
agent  selected.  A  decided  advantage  for  use  of 
these  drugs  for  patient  comfort  is  the  availability  of 
specific  narcotic  antagonists,  such  as  naloxone,  to 
reverse  untoward  effects.  Severe  cardiovascular 
depression,  frequently  due  to  histamine  release  and 
vasodilatation,  must  be  considered. 

Mu.scle  Relaxants 


substantial  experience  in  mask  ventilation,  the  stan- 
dard approach  to  intubation,  and  the  ability  to 
undertake  the  special  procedures  as  necessary. 

In  Summary 

The  appropriate  management  of  patients  with 
airway  pathology  represents  a  complex  interaction 
among  patient-specific  factors,  the  clinical  setting, 
and  the  knowledge  and  actions  of  the  practitioner. 
Decisions  must  be  made  quickly,  alternative 
approaches  reviewed,  and  a  plan  of  action  under- 
taken in  rapid  sequence.  Skill  and  experience  (as 
well  as  ability  to  perform  a  variety  of  technical 
activities)  are  essential.  This  review  serves  only  to 
outline  those  issues  that  must  be  considered  and  to 
provide  a  framework  in  order  to  develop  the  appro- 
priate approach  to  the  management  of  these 
extremely  difficult  problems. 


Muscle  relaxants  function  predominantly  at  the 
myoneural  junction  producing  intense  skeletal  mus- 
cle relaxation  of  rapid  onset  and  variable  duration. 
Agents  and  their  characteristics  are  detailed  in 
Table  6.  Use  of  muscle  relaxants  in  the  setting  of 
airway  pathology  requires  sound  clinical  judgment 
and  a  number  of  skills.  Caution  in  producing  res- 
piratory paralysis  cannot  be  overemphasized,  and  it 
is  strongly  recommended  that  these  agents  be 
administered  only  by  those  physicians  who  have 
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Drui: 
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Fate 


Side  Effects 
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chloride 
(Anectine) 
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(Pavulon) 
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(Tracrium) 


Vecuronium 
(Norcuron) 
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0.08-0.10 


0.5-1.0 


1-3 


3-5 


3-5 
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25-40 


Metabolism  =  blood 
pseudocholinesterase 


Metabolism  =  liver 
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Metabolism  = 
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Metabolism  =  liver 
excretion  via 
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Wilson  Discussion 

Hess:  Roger,  I  have  a  couple  of  ques- 
tions. First,  the  use  of  a  lighted  stylet 
has  been  described  in  the  emergency 
medicine  literature,  and  I  wonder  if 
you  would  comment  on  its  use  in  pre- 
hospital management.  Second,  do 
you  have  any  suggestions  about  when 
a  ciicothyrostomy  should  be  con- 
verted to  a  more  conventional  trach- 
eostomy? In  our  ICU,  from  time  to 
time  we  have  patients  come  up  from 
the  emergency  department  with  a  crico- 
thyrostomy  received  in  the  field  or 
the  emergency  department,  and  there 
seems  to  be  some  confusion  in  the 
minds  of  the  staff  regarding  the  need 
to  convert  to  a  more  conventional  air- 
way. 


1.  Vollmer  TP,  Stewart  RD,  Paris  PM, 
Ellis  D.  Berkebile  PE.  Use  of  a 
lighted  stvlet  for  guided  orotracheal 
intubation  in  the  prehospital  setting. 
Ann  Emerg  Med  1985:14:324-328. 

Wilson:  One  of  the  techniques  that 
has  been  advocated  is  use  of  a  flex- 
ible intra-operative  light  source  or 
one  of  the  new  lighted  stylets.  Much 
of  my  personal  experience  has  been 


under  the  circumstances  of  controlled 
or  elective  intubation,  in  which  the 
stylets  work  very  well — situations  in 
which  you  can  control  the  outside 
lighting,  pick  patients  because  of 
their  anatomy  (again,  thin  necks),  and 
pick  individuals  in  whom  one  can 
inanipulate  the  anatomy.  Under  such 
circumstances  (as  borne  out  by  the 
literature),  lighted  stylets  work  really 
well.'  When  you  encounter  situations 
in  which  you  are  dealing  with  indi- 
viduals who  have  abnormal  pathol- 
ogy, blood,  and  secretions;  are  mov- 
ing around  and  coughing;  and  are  not 
as  cooperative  as  anesthetized  indi- 
viduals, the  success  rate  tends  to 
drop.  I  think  it's  a  viable  technique.  1 
think  the  nice  part  of  the  technique  is 
that  it  is  easy  to  train  individuals  to 
use  it,  with  essentially  zero  morbid- 
ity, because  it  can  be  done  under  con- 
trolled circuinstances.  It's  not  costly. 
The  stylets  are  easy  to  stock  in  the 
emergency  room.  You  have  to  use 
experience  and  good  Judgment  as  to 
when  you  think  it's  the  next  logical 
step,  based  on  the  situation  and  the 
urgency,  to  get  the  individual  intu- 
bated. The  second  question  is  a  bit 
more  difficult  to  answer.  What  do 
you  do  once  a  cricothyroid  membrane 


has  been  used  as  a  point  of  entry  for 
either  a  small  endotracheal  or  trach- 
eostomy tube?  The  answer  depends 
on  one's  impression  of  the  literature 
and  what  you  base  your  decisions  on 
with  respect  to  the  number  of  com- 
plications. Criothyrotomy  was  init- 
ially advocated  as  a  very  safe  pro- 
cedure when  compared  to  a  tra- 
cheotomy at  the  first  or  second 
ring.-'  The  problein  is  in  evaluating 
a  series  from  one  institution  or  series 
in  which  individuals  have  taken  this 
as  a  pet  project — they  do  it;  they  do 
it  well;  and  they  have  a  vested  inter- 
est in  the  procedure.  Subsequent 
series  have  not  borne  out  the  low 
incidence  of  complications.  In  fact, 
the  problem  with  leaving  this  larger 
tube  in  through  the  cricothyroid, 
although  the  incidence  of  complica- 
tions may  be  low,  is  that  lesions  that 
do  result  are  not  very  reparable. 
They  are  very  difficult  lesions  to  fix. 
Often  patients  end  up  with  airway 
appliances  in  for  the  rest  of  their 
lives,  as  opposed  to  pathology  in  the 
lower  portion  of  the  trachea,  which, 
if  diagnosed  properly  and  inanaged 
well,  is  'fixable'  under  almost  100% 
of  circumstances  as  long  as  the  sur- 
geon knows  what  he  is  doing.  So, 
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the  tendency,  I  think,  is  to  move 
away  from  long-term  use.  Certainly 
it  is  an  important  portal  tor  the  air- 
way in  emergency  situations,  but. 
again,  one  that  has  been  o\ersol(J  in 
terms  of  its  benign  nature.  Our  expe- 
rience with  "minitrachs,'  placing  a  6- 
mm  catheter  in  the  airway,  even 
under  controlled  circumstances  with 
a  thoracic  surgeon  doing  it.  has  been 
associated  with  2  or  .^  instances  of 
really  massive  hemoptysis  in  about 
100  placements  (a  topic  which  is 
dear  to  Dr  Stoller's  heart).  Again, 
under  best  of  circumstances,  this  is 
not  absolutely  benign  territory  to  deal 
with;  so,  placement  of  needles,  wires, 
small  catheters,  or  anything  else 
through  this  membrane  should  be 
done  by  people  who  are  skilled  and 
are  knowledgeable,  and.  more  impor- 
tantly, can  handle,  on  an  urgent  basis. 
the  consequences  of  producing  more 
problems. 

1.  Stewart  RD.  LaRosee  A.  Sloy  WA. 
Heller  MB.  Use  of  a  lighted  stylet  to 
confirm  correct  endotracheal  tube 
placement.  Chest  1987:92:900-90.\ 

2.  Sise  MJ.  Shackford  SR.  Cruickshank 
JO.  Cricothyroidotomy  for  long-term 
tracheal  access;  a  pro.spective  analysis 
of  morbidity  and  mortality  in  76 
patients.  Ann  Surg  1984;200:13-17. 

3.  Cole  RR.  Aguilar  EA.  Cricothy- 
roidotomy versus  u-acheotomy;  an 
otolaryngologist's  perspective.  Laryn- 
goscope 1988;98:131-135. 

Stoller:  My  question  regards  pro- 
ficiency with  the  airway — getting  it 
and  maintaining  it — and  bears  a  little 
bit  on  Bob"s  (Kacmarek)  talk.  The 
question  really  is.  How  steep  is  the 
learning  curve  to  de\elop  mastery 
(ucr  the  airway  with  regard  to  rou- 
tine kinds  of  situations,  and  then  the 
more  specialized,  difficult  circum- 
stances you've  described?  What  level 
of  experience  is  required  to  acquire 
skills  and  to  maintain  these  skills'^  I 
suspect  there's  not  much  in  the  lit- 
erature, but  the  answers  will  impacl 
greatly  on  the  le\'el  of  in\ol\cnicnt 


of  therapists  in  ongoing  participation 
in  airway  management. 
Wilson:  It's  a  good  question.  1  think 
the  answer  is  very  subjective  because 
the  data  are  not  there.  I  think  one  is 
often  biased  by  his  own  personal 
experience.  The  circumstance  I 
would  cite  is  dealing  with  residents  in 
training  in  anesthesia,  on  whom  we 
focus  for  the  first  several  days  or 
weeks  or  month  in  order  to  try  to  get 
them  to  master  airway  management, 
to  master  the  use  of  an  artificial  air- 
way, to  establish  appropriate  condi- 
tions, and  to  successfully  intubate. 
They  don't  do  that  very  well  under 
most  circumstances  during  their 
month.  They  do  gain  a  certain  degree 
of  proficiency,  but  when  presented 
with  a  difficult  case  in  the  early 
stages  of  their  residency,  the  chances 
are  that  they  will  get  themselves  into 
trouble  and  have  to  rely  on  indi- 
viduals who  are  senior  to  them.  The 
frightening  part  is  that  people  are 
doing  this  every  day  as  part  of  their 
living.  The  initial  learning  curve  is 
pretty  steep.  I  think  it's  one  that  has  a 
number  of  pitfalls.  Once  it  plateaus, 
it's  impressive  that  they  really  strug- 
gle for  long  periods  of  time.  A  res- 
ident in  a  second  or  third  year,  even 
though  he  may  have  had  a  great  deal 
of  experience,  will  get  into  trouble 
and  will  have  to  be  bailed  out  by 
someone  who's  far  more  experi- 
enced and,  again,  often  without  hav- 
ing to  do  anything  much  different. 
There  are  subtle  little  tricks. 

I  think  you  need  to  train  phy- 
sicians and  others  to  intubate  on  an 
urgent  basis,  but  I  think  that  you  have 
to  emphasize  that  this  is  something 
that  realh  should  never  be  taken 
lightly.  One  really  should  not  be  mis- 
led into  thinking  that  he  is  a  master  of 
the  airway.  In  fact,  I  believe  the  anes- 
thesiologist actually  becomes  less 
cavalier  and  more  conservative  as  he 
gets  older  because  he's  been  burned 
so  many  times,  and  he's  been  burned 
in  circumstances  in  which  he  couldn't 
predict   ahead   of  time   that   he   was 


going  to  get  into  trouble.  So.  it's 
something  to  which  a  lot  of  thought 
needs  to  be  gi\en,  in  terms  of  who 
does  it,  under  what  circumstances, 
and  w  hat  the  resources  are  in  terms 
of  bailing  them  out  if  they  fail  or  if 
they  produce  additional  problems. 
Durbin:  I'd  like  to  restate  your  first 
point  abt)ut  airway  position  in  max- 
imizing the  opportunity  for  intuba- 
tion, and  I'd  like  to  raise  one  other 
issue.  Its  my  belief  that  more 
patients  are  harmed  not  by  the  fail- 
ure to  recognize  a  difficult  airway, 
but  by  the  failure  to  recognize  esoph- 
ageal intubation.  This  is  supported 
by  the  closed-claim  literature  and  a 
number  of  other  places.  Do  you 
believe  that  end-tidal  CO:  monitor- 
ing is  or  should  be  state  of  the  art 
and  be  required  to  establish  tube 
location  in  all  emergency  and  elec- 
ti\e  intubations'? 

Wilson:  Yes  1  do.  1  think  when  one 
begins  to  look  at  much  of  the  lit- 
erature that  has  been  published  in  the 
past  several  years,  it  is  hard  to  argue 
that  many  of  the  techniques  that  we 
were  taught  to  confirm  position  of  a 
tube — visualization,  auscultation  of 
the  chest,  auscultation  of  the  abdo- 
men, humidity  in  the  tube,  pulse 
o\imetr\  (which  we  know  is  limited 
in  terms  of  its  time  response) — a  lot 
of  those  in  fairiy  well-done  studies' 
in  which  indi\ iduals  were  blinded  to 
procedures  to  assess  esophageal  air- 
way intubation,  the  one  technique 
that  turns  out  to  be  the  most  reliable 
is  the  presence  of  CO;  in  the  exhaled 
gas  after  the  first  .3  or  4  breaths. 
That's  true  especially  when  vou've 
been  ventilating  an  individual  by 
mask.  Not  being  an  advocate  of 
additional  monitoring  and,  his- 
torically, being  an  advocate  of  using 
common  sense  and  critical  skills,  1 
must  admit  that  1  have  been  con- 
vinced that  CO:  monitoring  (cer- 
tainh  in  the  operating  room  where  it 
is  readily  available  under  most  cir- 
cumstances, but  I  think,  more  impor- 
tantly, with  the  portable  disposable 
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techniques  that  are  available)  should 
be  used  wherever  possible  to  con- 
firm the  placement  of  the  endo- 
tracheal tube.  Again,  the  other  "con- 
firmation' techniques  are  not  reliable. 
and  a  number  of  closed  claims  sup- 
port the  fact  that  experienced  indi- 
\iduals  have  sv\,orn  that  the  tube  was 
in  place,  vshen.  in  fact,  it  wasn't, 
which  then  becomes  a  very  costly 
e\ent. 

1.  Howells  TH.  Ricthmuller  RJ.  Signs  of 
endotracheal  intubation.  Anaesthesia 
1980:35:984. 

Reines:  Let  me  just  throw  in  a  little 
warning  about  some  of  the  new  CO: 
monitors  that  ha\e  become  a\ailable. 
especialK  the  monitors  that  turn  pur- 
ple when  they  have  CO:  in  them. 
One  problem  we  have  found  is  that  if 
the  stomach  is  full  of  beer,  there's 
enough  CO:  released  from  the  beer 
that  you  can  actually  be  misled  by 
that.  The  second  is  that  in  a  cardiac 
arrest  in  which  you  have  very  little 
circulation  and  no  CO:  is  being  pro- 
duced, you  may  extubate  thinking 
you're  not  in  the  trachea;  so,  there 
still  is  no  sure  way.  My  concern  in 
setting  a  standard  is  that  there  are 
always  going  to  be  exceptions,  and 
those  are  the  ones  that  are  going  to 
hurt  us. 

Wilson:  It's  like  any  other  standard. 
You  know  you  can  set  a  standard  for 
EKG  monitoring  under  a  variety  of 
circumstances,  but  that  doesn't  nec- 
essarily mean  that  it's  going  to  be 
foolproof.  Perhaps  a  better  word  is  a 
guideline.  CO:  monitoring  is  cer- 
tainly very  useful;  however,  like  any 
other  technique  it  has  its  deficiencies 
(some  related  to  the  particular  device 
and  some  to  the  physiology).  But. 
again,  when  compared  to  other  tech- 
niques in  terms  of  reliability  of 
assessment,  it  ranks  right  up  there. 
Hess:  Could  I  just  piggyback  on  the 
comments  that  have  been  made?  I 
will  talk  about  some  of  these  things 
later  when  1  talk  about  monitorinc. 


but  the  usefulness  of  exhaled  CO?  to 
detect  the  proper  placement  of  an 
endotracheal  tube  really  depends  a  lot 
on  wlieiher  the  heart's  beating. 
Wilson:  That's  sort  of  academic, 
though,  isn't  it'.'  I  mean,  if  the  heart's 
not  beating  (hat's  ob\ii)usly  another 
important  issue. 

Hess:  Yes.  but  it  makes  it  difficult  to 
use  those  devices  to  make  sure  that 
the  tube's  where  you  think  it  is.  We 
reported  some  data  at  the  AARC 
meeting  this  year:'  We  looked  at  30 
patients  in  cardiac  arrest  in  the  field. 
The  Fenem  End-Tidal  CO:  Detector 
was  only  useful  to  detect  proper  tube 
placement  in  9  of  the  30  patients. 

1.  Eitel  DR.  Hess  D.  Drawbaugh  R. 
Ogden  C.  Use  of  the  Fenem  End-Tidal 
CO:  detector  in  patients  in  cardiac 
arrest  (abstract).  Respir  Care  1991: 
36:1289. 


Wilson:  Sure,  I  mean  how  reliable  is 
the  pulse  oximeter  if  the  heart's  not 
beating.  It's  the  same  problem.  It 
doesn't  mean  there's  something 
wrong  with  pulse  oximetry;  it  means 
that  you  have  to  relate  the  device  that 
you're  using  to  the  physiologic  cir- 
cumstances. 

Hess:  Unfortunately,  a  lot  of  practi- 
tioners don't  do  that. 
Wilson:  Education. 
Haponik:  Would  you  please  com- 
ment on  the  potential  roles  for  CPAP 
and  helium-oxygen  mixtures  as  tem- 
porizing maneuvers.  These  can  place 
pretty  formidable  demands  on  res- 
piratory care  practitioners. 
Wilson:  In  the  context  of  airway  nar- 
rowing or  airway  pathology.  I  think 
heliox  or  use  of  helium  has  a  role. 
The  obvious  limitations  are  the  con- 
centration of  oxygen  that  the  subject 
requires,  which  is  obviously  limited 
by  the  need  to  get  the  high  concen- 
trations of  helium.  This  is  an  excel- 
lent temporizing  maneuver,  espe- 
cially when  one  is  dealing  with  sus- 
pected    airway     pathology     in     an 


individual  who  is  otherwise  stable 
pv\oT  to  airway  manipulation.  You 
want  to  undertake  noninvasive  diag- 
nostic maneuvers,  such  as  tomo- 
grams and  CTs,  or  other  means  to 
define  the  pathology  as  quickly  as 
possible  before  undertaking  specific 
interventions  such  as  rigid  or  flex- 
ible endoscopy.  So,  as  a  temporizing 
measure,  use  of  helium  mixtures  is 
certainly  not  questionable.  I've  had 
less  experience  with  use  of  positive 
airway  pressure.  Individuals  with 
high  degrees  of  airway  stenosis 
really  don't  respond  very  well  to 
supplemental  airway  pressure.  Usu- 
ally at  that  time  you  can't  do  much 
to  facilitate  the  exchange  of  gas  with 
positive  pressure,  especially  when 
the  problem  is  a  dynamic  one  in 
which  exhalation  is  the  issue.  I 
talked  only  about  stenotic  lesions.  In 
cases  of  tracheomalacia  and  bron- 
chomalacia,  especially  where  such 
lesions  involve  the  lower  airway, 
inspiration  isn't  as  much  a  problem 
as  is  exhalation.  I  think  assisting 
someone,  again,  with  positive  pres- 
sure by  nasal  route  or  oral  route  is 
okay,  as  long  as  you  recognize  the 
shortcomings  and  the  potential  for 
having  that  individual  work  harder, 
feel  the  stress,  and  actually  develop 
more  symptoms  as  he  becomes  more 
apprehensive. 

Kacmarek:  Let  me  ask  the  question 
you  asked  me.  Roger.  Assuming  you 
were  going  to  train  a  group  of  res- 
piratory therapists  to  perform  endo- 
tracheal intubation  during  CFR  or  on 
comatose  patients,  how  would  you 
design  the  program  to  ensure  com- 
petency of  those  individuals? 
Wilson:  I  think  competency  is  a  dif- 
ficult question.  I  think  the  programs 
are  fairly  easy  to  design.  The  pro- 
gram should  include  a  lot  of  training 
in  anatomy  and  a  lot  of  training  in 
positioning.  It's  time-consuming  in 
that  trainees  must  go  to  the  environ- 
ment in  which  this  is  done  elec- 
tively.  and  that's,  by  and  large,  the 
operating  room.  They  have  to  learn 
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to  use  mannequins.  v\hieh  are  a  poor  ating  room,  but  make  sure  that  you  think  that's  the  subtlel)  in  it.  I  don't 

re-placement  tor  the  human  popula-  instill  in  all  those  being  trained  the  think  nou  can  truly  certif\   an  indi- 

tion.   Cadavers  are  okay,  but  obvi-  notion   that  even  though   the\    have  \  idual  to  do  something  that  is  as  dif- 

ously  a  bit  distasteful  to  most  indi-  been  successful  once  or  t\\ice  they  ficult  and  unpredictable  as  intubation 

\iduals  and  often  difficult  to  arrange  shouldn't  be  overconfident.  This   is  when  they're  only  doing  it  on  a  very 

in  the  hospital  setting.  Do  it  under  something  that  if  they  need  to  do  it  in  low  -frequency  basis, 

controlled  circumstances  in  the  oper-  an  urgent  circumstance,  they  do  it.  1 
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Emergency  Management  of  Acute,  Severe  Asthma 

Christopher  H  Fanta  MD 


Introduction 


Case  History 


A  27-year-old  malpractice  lawyer  with  a  long 
history  of  asthma  presents  to  the  Emergency 
Department  uith  an  exacerbation  of  her  disease. 
Four  days  earlier  she  had  developed  a  sore  throat, 
■"swollen  glands."  rhinitis,  cough,  and  low-grade 
fever.  Her  husband  had  experienced  a  similar  res- 
pirators illness  earlier  in  the  week.  Over  the  next 
24-48  hours  her  symptoms  seemed,  in  her  words,  to 
settle  in  the  chest.  She  developed  wheezing,  chest 
tightness,  congestion,  and  dyspnea  on  exertion.  Her 
cough  became  productive  of  yellowish  phlegm. 
She  had  spent  most  of  the  previous  night  seated  in 
a  reclining  chair,  too  congested  to  sleep  in  her  bed. 
Her  usual  asthma  treatment  consists  of  a  slow- 
release  theophylline  preparation  (300  mg  twice 
daily)  and  an  albuterol  metered  dose  inhaler  (2 
puffs  4  times  daily).  However,  during  this  illness 
she  has  used  her  albuterol  inhaler  as  often  as  6-8 
times  during  the  day  and  2-3  times  overnight.  She 
decided  to  come  to  the  emergency  room  tonight 
because  of  her  shortness  of  breath  and  the  impres- 
sion that  her  inhaler  was  no  longer  working.  She 
complains  of  a  viselike  grip  around  her  chest. 

On  examination  this  young  woman  is  seated 
tensely  at  the  edge  of  the  stretcher,  her  arms  braced 
along  the  stretcher's  edge.  Her  blood  pressure  is 
150/90  mm  Hg  with  an  approximately  20-mm-Hg 
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pulsus  paradoxus  (fall  in  systolic  pressure  with 
inspiration),  heart  rale  124/min  and  regular,  res- 
piratory rate  28  breaths/min  with  use  of  accessory 
muscles  of  respiration,  and  oral  temperature 
98.6°F.  She  is  diaphoretic  without  cyanosis.  Nares 
and  pharynx  are  unremarkable.  Her  chest  reveals 
bilateral  inspiratory  and  expiratory  wheezes  in  all 
lung  fields.  Because  of  her  breathlessness,  she 
refuses  to  lie  supine  for  abdominal  examination. 
She  has  no  peripheral  edema  or  calf  tenderness.  A 
subcutaneous  injection  of  epinephrine  is  admin- 
istered, and  a  blood  sample  is  sent  for  iinmediate 
deterinination  of  theophylline  level.  A  chest  radio- 
graph is  ordered. 

When  she  returns  from  the  radiology  depart- 
ment, she  is  quite  breathless.  The  nurse  requests 
that  the  physician  re-evaluate  the  patient's  condi- 
tion. Chest  auscultation  reveals  persistent  wheez- 
ing, although  perhaps  less  intense  than  earlier. 
Approximately  1  hour  after  receiving  the  sample, 
the  chemistry  laboratory  reports  the  result  of  the 
serum  theophylline  concentration  as  5.8  /ig/mL 
(therapeutic  range  10-20  //g/mL).  The  physician 
orders  a  second  injection  of  epinephrine  and  intra- 
venous administration  of  aminophylline.  A  reduced 
aminophylline  loading  do.se  of  3  mg/kg  is  given 
over  20  min,  followed  by  a  continuous  infusion  at 
0.6  mg  ■  kg  •  h"'.  Supplemental  oxygen  is  given  at 
2  L/min  by  nasal  cannula.  The  patient's  room 
lights  are  dimmed,  and  she  is  advised  to  relax  and 
to  take  slow,  deep  breaths. 

Over  the  next  several  hours  she  gradually 
improves.  Her  diaphoresis,  paradoxical  pulse,  and 
accessory  muscle  use  resolve.  Her  chest  now 
reveals  only  a  few  end-expiratory  wheezes.  She  is 
able  to  walk  approximately  100  feet  to  the  bath- 
room and  back  without  stopping  to  catch  her 
breath.  The  emergency  room  physician  decides  that 
she  is  ready  for  discharge.  He  prescribes  a  1-week 
course  of  oral  antibiotics  (ampicillin  250  mg  4 
times  daily)  and  advises  her  to  increase  her  daily 
theophylline  dose  to  600  mg  twice  daily.  She  is 
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told  to  contact  her  own  physician  first  thing  in  the 
morninu  and  to  return  to  the  Emergency  Depart- 
ment should  she  again  develop  respiratory  distress. 

Changes  in  Management  of  Acute  Asthma 

Strategies  for  emergenc\  department  manage- 
ment of  severe  and  life-threatening  asthmatic 
attacks  have  undergone  important  changes  over  the 
past  several  years.  These  important  changes  have 
occurred  despite  the  fact  tliat  no  major  new  drugs 
have  been  introduced  into  our  therapeutic  arma- 
mentarium. Years  ago  the  assessment  and  treat- 
ment received  by  the  young  lawyer  presented 
above  might  have  been  considered  consistent  with 
the  accepted  standard  of  practice  and  then,  as  now. 
might  have  resulted  in  a  successful  outcome  for  the 
patient.  However,  based  on  cunent  concepts  of 
asthma  management,  her  care  was  not  optimal.  It 
mav  have  needlessly  delayed  her  improvement  and 
put  her  at  risk  for  subsequent  respiratory  difficul- 
ties and  an  even  more  severe  attack.  With  this  case 
history  as  a  point  of  departure.  1  review  modern 
concepts  of  acute  asthma  care  and  di.scuss  ongoing 
investigation  and  controversy.  The  recommenda- 
tions set  forth  are  consistent  with  the  Guidelines  for 
the  Diagnosis  and  Management  of  Asthma' 
recentiv  released  by  the  Expert  Panel  convened  by 
the  National  Institutes  of  Health  as  part  of  its 
National  Asthma  Education  Program. 

Bronchodilators  and 
Bronchodilator  .Administration 

Airway  smooth-muscle  contraction  (broncho- 
constriction)  is  an  important  cause  of  airtlou 
obstruction  in  virtually  all  patients  with  acute  exac- 
erbations of  asthma,  and  it  is  the  cause  most  rapidly 
reversed  with  appropriate  therapy.  Consequently, 
the  best  way  to  improve  lung  runclion  and  alleviate 
respiratory  distress  in  acute  asthmatic  attacks  is  by 
promptly  and  repeatedly  administering  broncho- 
dilating  drugs.  Over  the  past  10-15  years,  the 
numerous  clinical  trials  conducted  in  emergency 
departments  have  helped  to  establish  the  relative 
liolcncies  of  various  bronchodilators.  the  preferred 
route  of  adminisliation.  their  potential  for  additive 
interactions,  and  their  toxicities  (both  when  given 
alone  and  in  combinatit)n).  A  consistent  finding  of 


numerous  studies  is  that  sympathomimetics  are  the 
most  potent  available  bronchodilating  drugs  for 
acute  asthma.- '  When  repeated  doses  are  given  in 
rajiid  succession  (every  20-.^()  minutes),  incre- 
mental bronchodilatation  occurs  following  each 
successive  dose.^  Compared  to  intravenous  amino- 
phylline.  repeated  doses  of  sympathomimetics 
effect  3-4  times  greater  bronchodilatation  over  the 
first  hour  of  emergency  room  care  (Fig.  1).-  The 
anticholinergic  atropine  sulfate  is  both  less  potent 


Fig.  1.  Effects  of  epinephrine  (E).  isoproterenol  (I),  and 
aminophylline  (A)  in  subjects  with  acute  airway  obstruc- 
tion. The  heights  of  the  bars  represent  mean  values,  and 
the  brackets  represent  1  standard  error.  Responses  to 
epinephnne  and  isoproterenol  were  both  significantly 
greater  than  response  to  aminophylline. 
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and  sldvvcr  in  onset  when  inhaled  than  are  the 
inhaled  syinpathoniimetics."  F.\en  aniDng  patients 
who  have  been  taking  oral  and/or  inhaled  sym- 
[xithomimetics  at  the  time  that  their  asthmatic  exac- 
erbations develop,  treatment  with  sympatho- 
mimetic hronchodilators  in  the  emergency  depart- 
ment remains  the  best  approach  to  reversing  air- 
llow  obstruction:  clinically  significant  tolerance  to 
their  bronchodilator  activity  has  not  been 
observed.* 

Parenteral  versus  Inhaled  Bronchodilators 

For  many  years  it  was  assumed  that  parenteral 
administration  of  sympathomimetic  bronchodila- 
tors was  necessary  for  all  but  the  mildest  asthmatic 
attacks.  It  was  hypothesized  that  severe  airflow 
obstruction  precluded  adequate  delivery  of  inhaled 
medication  to  peripheral  airways;  however,  empiric 
observations  have  not  supported  this  preconcep- 
tion. Randomized  trials  comparing  subcutaneous 
epinephrine  with  inhaled  beta-adrenergic  agonists 
administered  by  continuous-flow  small-volume 
nebulizer  have  found  the  inhaled  agents  to  be  at 
least  as  effective  as  the  parenteral  drug,  even 
among  patients  with  initial  severe  obstruction 
(forced  expiratory  volume  in  the  first  second,  or 
FEV|,  <  1  L  or  <  35%  of  predicted).- "'  Similar 
findings  have  resulted  from  comparisons  between 
intravenous  and  inhaled  beta  agonists:  When 
repeated  doses  are  given  in  rapid  succession,  the 
inhaled  route  of  administration  produces  broncho- 
dilatation  equal  to  that  with  continuous  intravenous 
mtusion. 

Theophylline  Administration 

In  certain  circumstances,  concomitant  use  of 
bronchodilators  from  two  different  pharmacologic 
classes  can  produce  additive  bronchodilation  in 
ambulatory  patients  with  stable  asthma.'^  For  many 
years  intravenous  aminophylline  was  used  in  com- 
bination with  sympathomimetic  drugs  for  the  treat- 
ment of  acute  severe  asthma,  with  its  use  often 
reserved  for  the  most  severely  obstructed  patients 
in  whom  maximal  bronchodilatation  was  sought. 
Extensive  clinical  evidence  is  now  available  to 
refute  this  approach;  combining  sympathomimetics 
and  intravenous  aminophylline  produces  no  greater 


bronchodilatation  than  the  repeated  administration 
of  sympathomimetics  alone  (Fig.  2).''"  '"  Further- 
more, adverse  side  effects  are  more  frequent  with 
the  two-drug  regimen.  This  observation  pertains 
regardless  of  whether  patients  are  taking  theo- 
phylline at  the  time  of  their  attack  and  independent 
of  the  severity  of  the  attack.  Immediate  determina- 
tion of  the  serum  theophylline  concentration  fol- 
lowed by  attempts  to  maximize  the  serum  level  as 
close  as  possible  to  the  top  of  the  therapeutic  range 
by  means  of  intravenous  bolus  and  infusion  of  ami- 
nophylline is  a  misguided  strateg\  for  acute  asthma 
management.  In  the  emergency  department  setting, 
aminophylline  is  a  relatively  weak  bronchodilator 
without  additive  effects  beyond  those  achieved 
with  inhaled  beta  agonists  alone. 
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Fig.  2.  Change  in  FEVi  (mean  ±  SEM)  in  20  patients 
treated  with  Intravenous  aminophylline  and  inhaled  meta- 
proterenol  (O)  and  in  20  patients  treated  with  inhaled 
metaproterenol  alone  (■).  (Reprinted,  with  permission, 
from  Reference  16.) 

The  study  by  Wrenn  et  al'^  found  that  when  used 
in  conjunction  with  inhaled  beta-adrenergic  ago- 
nists and  corticosteroids,  intravenous  amino- 
phylline reduced  the  frequency  of  hospitalization 
among  asthmatic  patients,  although  it  did  not  bring 
about  any  greater  improvement  in  lung  function  as 
measured  by  spirometry.'  This  curious  finding 
needs  to  be  interpreted  with  caution  because  it 
stands  in  contradistinction  to  a  number  of  earlier 
studies'^ '■^"'  and  cannot  be  explained  by  known 
actions  of  the  drug.  Unless  future  investigations 
can  confirm  the  finding  of  Wrenn  et  al,"  amino- 
phylline is  unnecessary  in  the  emergency  manage- 
ment of  asthma. 
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Anticholinergic  Agents 

The  potential  for  additive  bronchodilatatioii 
when  anticholinergic  agents  are  used  with  beta- 
adrenergic  agonists  has  also  been  explored  with 
variable  results.  A  small  (10-20%)  incremental 
benefit  may  be  derived  when  ipratropium  bromide 
solution  (0.5  mg)  is  nebulized  with  con\entional 
doses  of  beta-adrenergic  agonists."*  ''^  although  not 
all  studies  have  been  able  to  demonstrate  this  addi- 
tive effect.-"-'  It  is  possible  that  a  subpopulation  of 
asthmatic  patients  is  uniquely  responsive  to  anti- 
cholinergic stimulation,  but  such  a  subgroup  has 
yet  to  be  identified.  Ipratropium  bromide  solution 
is  not  cunently  available  for  use  in  the  United 
States,  and  other  anticholinergic  preparations  (such 
as  atropine  sulfate^  and  glycopyrrolate")  have  not 
been  shown  to  be  effective  adjunctive  therapy  in 
the  emergency  treatment  of  asthma. 

Sympathomimetic  Side  Effects  and  Doses 

When  multiple  doses  of  sympathomimetic  bron- 
chodilators  are  given  over  a  short  period  of  time, 
unpleasant  side  effects  are  common:  anxiety,  trem- 
ulousness.  palpitations,  and  headache."'-^  On  aver- 
age, heart  rate  increases  minimally  and  blood  pres- 
sure tends  to  fall  slightly.-  Serious  adverse  conse- 
quences (such  as  significant  cardiac  arrhythmias  or 
coronary  ischemia)  are  rare,-""  especially  when 
selective  beta^-adrenergic  agonists  are  administered 
as  aerosols.  The  safety  of  these  medications  given 
in  relatively  large  doses  has  been  best  established 
in  persons  under  the  age  of  50  who  are  free  of  com- 
plicating cardiovascular  disease.  The  potential  of 
these  medications  for  significant  toxicity  in  an 
older  population  or  one  with  serious  underlying 
heart  disease  deserves  further  investigation. 

Medication  Delivery 

Years  ago.  continuous-How  nebulizers  replaced 
intermittent  positive-pressure  breathing  machines 
for  medication  nebulization  in  asthma;  the  continu- 
ous-How nebulizers  are  simpler  to  set  up.  pose  no 
risks  of  barotrauma  from  positive  airway  pressure, 
and  can  be  used  by  patients  with  a  minimum  of 
supervision  because  only  tidal  breathing  is  needed 
tor  their  use.  However,  medication  delivery  by  sim- 
ple continuous-flow  nebulizer  is  inefficient  because 
of  droplet  losses  within  the  device  itself,  out  the 
expiratory  port,  and  in  the  oro-  and  hypopharynx. 


Thus,  only  a  small  percentage  of  the  dose  that  is 
placed  in  the  medication  chamber  actualh  reaches 
intrathoracic  airways.-^  Recent  trials-''-'  in  emer- 
gency departments  have  explored  the  use  of 
metered  dose  inhalers  (MDIs)  with  spacer  attach- 
ments as  a  simpler  and  less  expensive  method  of 
delivery  for  inhaled  beta  agonists.  For  instance,  in 
one  study  of  asthmatic  patients.-"  one  group 
received  metaproterenol  administered  by  MDI 
(0.65  mg/puff)  with  a  reservoir-bag  spacer  device 
(InspirEase)  in  a  dose  of  3  puffs  (with  an  interval 
of  2  minutes  between  puffs)  every  30  minutes;  a 
second  group  of  patients  received  aerosolized  meta- 
proterenol solution  (15  mg)  by  continuous-fiow 
nebulizer  every  30  minutes.  The  investigators 
found  no  differences  in  improvement  of  lung  func- 
tion or  relief  of  dyspnea  between  the  two  groups 
(Fig.  3).  Despite  data  such  as  these,  many  centers 
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Fig.  3.  Mean  values  for  FEV,  (±  SEfvl)  in  upper  panel  and 
dyspnea  scores  in  lower  panel  in  27  patients  with  asthma 
treated  with  metaproterenol  via  MDI  and  spacer  (-□-) 
and  in  26  patients  treated  with  metaproterenol  via  neb- 
ulizer (-♦--).  *p  <  0.001;  tP  <  0.05;  tp  =  0.005. 
(Reprinted,  with  permission,  from  Reference  26.) 
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remain  reluctant  lo  substitute  MDIs  with  spacers 
for  continuous-llDu  nebulizers  tor  broiichodilator 
delivery  in  acute  asthma  because  ( I  )  although  sim- 
ple in  concept.  MDI  use — even  with  spacer  attach- 
ments— requires  super\  ised  administration  because 
of  the  frequency  of  patient  errors  in  delixery  tech- 
nique, makini:  this  a  relatively  labor-intensive 
method  for  health  care  providers;  (2)  dose-response 
studies  in  patients  with  chronic  stable  asthina  indi- 
cate that  much  larger  dt)ses  of  beta  agonists  (up  to 
10  or  more  puffs  from  MDIs  of  standard  formula- 
tion) are  required  to  achie\e  maximal  bronchodilata- 
tion,-'''  -"  the  optimal  dose  to  be  given  by  MDI  may 
vary  from  patient  to  patient  and  asthmatic  episode 
to  asthmatic  episode  and  may  be  difficult  to  deter- 
mine in  advance:  and  (3)  not  all  studies  have  found 
equivalent  efficacy  between  the  two  delivery  meth- 
ods. In  at  least  one  study  of  newly  hospitalized 
asthmatic  patients  with  persistent  severe  obstruc- 
tion, nebulized  bronchodilator  solution  resulted  in 
significantly  greater  improvement  than  did  beta 
agonist  by  MDI."'  It  is  possible  that  the  larger 
administered  dose  of  medication  and  simpler  inha- 
lational  method  accounted  for  the  adv  antage  of  the 
continuous-flow  nebulizers  in  this  study. 

This  subject  has  been  thoroughly  reviewed  in  a 
.special  issue  of  RESPIRATORY  CARE  devoted  to 
aerosol  delivery  (September  1991)."'  In  particular, 
I  refer  you  to  Newman's  article  on  aerosol  gener- 
ators and  delivery  systems. -'- 

Care  Delivery 

The  role  of  the  respiratory  therapist  in  adminis- 
tering inhaled  medications  to  the  acutely  ill  asth- 
matic patient  varies  among  different  institutions.  In 
some  emergency  departments,  respiratory  thera- 
pists take  direct  responsibility  for  administration  of 
each  dose  of  inhaled  medication:  in  others  they  pro- 
vide training  and  backup  for  the  emergency  depart- 
ment staff  (particularly  nurses,  who  are  continuous- 
ly on  hand  in  the  emergency  department  for  admin- 
istering and  monitoring  treatments).  In  either  case, 
an  important  general  principle  of  care  is  that 
acutely  ill  asthmatic  patients  should  receive  prompt 
care:  emergency  services  should  be  structured  in 
such  a  way  that  treatment  can  begin  within  minutes 
of  the  arrival  of  severely  ill  patients.  A  common 
complaint  voiced  by  patients  with  asthma  relates  to 


the  prolonged  delays  that  they  have  experienced 
prior  to  receiving  emergency  care. 

Anti-lnflamnuitory  Therapy 

Mechanism  of  Bronchodilator- 
Refractory  Asthma 

Some  patients  with  severe  airflow  obstruction 
fail  to  improve  significantly  despite  intensive  bron- 
chodilator therapy  with  repeated  doses  of  inhaled 
beta  agonists.  Although  it  would  be  easy  to  construe 
this  failure  to  respond  as  being  indicative  of  sym- 
pathomimetic resistance,  or  tachyphylaxis,  switching 
to  other  classes  of  bronchodilator  generally  does  not 
bring  about  reversal  of  the  airways  obstruction.  In 
most  instances,  the  conect  explanation  for  a  lack  of 
improvement  following  aggressive  bronchodilator 
therapy  can  be  found  in  the  pathophysiologic 
mechanism  that  underlies  the  airflow  obstruction. 
In  such  patients,  airway-wall  inflammation  and 
intraluminal  secretions  predominate  over  tracheo- 
bronchial smooth-muscle  constriction.  As  a  result, 
all  medications  that  have  as  their  primary  action  the 
relaxation  of  airway  smooth  muscle  have  only  lim- 
ited beneficial  effect.  When  widespread  mucus 
plugging  obstructs  airway  lumina.  and  when  edema 
and  cellular  infiltration  nanow  bronchi  b>'  increas- 
ing the  thickness  of  bronchial  walls,  broncho- 
dilating  drugs  can  be  expected  to  have  minimal 
impact  on  lung  function. 

Role  of  Corticosteroids 

Potent  anti-inflammatory  therapy  is  needed  to 
treat  the  widespread  mucus  plugging,  edema,  and 
cellular  infiltration  of  severe  asthma;  specifically, 
systemic  corticosteroids  are  indicated.  Without  the 
use  of  systemic  corticosteroids,  some  patients  with 
severe  asthma  will  have  persistent  severe  airflow 
obstruction  despite  24  or  more  hours  of  inhaled  and 
parenteral  bronchodilators;  a  small  percentage  will 
actually  worsen  despite  bronchodilator  treatment. -^-^ 
The  addition  of  systemic  corticosteroids  speeds  the 
resolution  of  severe  attacks:  A  beneficial  effect  can 
be  demonstrated  within  12  hours  of  their  adminis- 
tration;^'' however,  the  improvement  observed  with 
corticosteroid  use  is  often  very  gradual.  In  one 
study  of  patients  hospitalized  with  severe  asthma. 
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the  average  FEV,  at  the  end  of  24  hours  of  bron- 
chodilator  and  steroid  therapy  was  still  only 
approximately  509c  of  normal.  If  one  inspects  the 
tracheobronchial  tree  of  patients  who  ha\e  died 
from  asthma,  one  finds  intense  eosinophilic  bron- 
chitis, widespread  epithelial  damage  and  sloughing, 
and  extensive  mucus  plugging  of  airways  leading 
to  asphyxiation.'"*  In  view  of  these  pathologic  find- 
ings, it  is  not  surprising  that  in  severe,  bron- 
chodilator-refractor)  asthma,  se\eral  hours  to  days 
are  required  for  the  clearing  of  tenacious  secretions 
and  cellular  debris  from  the  airways. 

Given  the  delay  in  onset  of  action  of  systemic 
corticosteroids,  their  early  institution  in  the  emer- 
gency department  is  crucially  important  for  patients 
who  manifest  inadequate  improvement  with  bron- 
chodilators  alone.  In  general,  such  patients  can  be 
identified  early  in  their  course.  Asthmatic  patients 
who  present  with  severe  airflow  obstruction  and 
who,  after  60-90  minutes  of  intensive  broncho- 
dilator  therapy,  continue  to  have  an  FEV,  or  peak 
expiratory  flowrate  (PEFR)  <  40%  of  predicted 
should  receive  systemic  corticosteroids.  With  infre- 
quent exceptions,  such  patients  will  not  experience 
significant  further  improvement  over  the  ensuing  3 
hours  despite  intensive  treatment  with  inhaled  and 
parenteral  bronchodilators."  The  need  for  systemic 
steroids  can  be  established  even  earlier  in  some 
patients — those  patients  who  develop  severe  asth- 
matic exacerbations  despite  regular  use  of  oral  cor- 
ticosteroids and  those  patients  with  severe  obstruc- 
tion who  actually  deteriorate  despite  one  or  two 
treatments  with  nebulized  bronchodilators.  For 
some  patients  initiation  or  dose  escalation  of  sys- 
temic corticosteroids  will  be  ine\  itable,  and  earlier 
administration  hastens  the  onset  of  beneficial 
effects. 

Because  of  the  delayed  onset  of  action  of  corti- 
costeroids and  the  slow  tempo  at  which  airway 
inflammation  and  mucus  plugging  resolve,  one 
might  predict  that  steroids  would  have  a  limited 
impact  on  the  immediate  outcome  of  acute  asth- 
matic attacks.  Indeed,  three  randomized  trials  con- 
ducted in  emergency  departments  have  all  made 
the  same  observation:'^ "  Over  the  few  hours  that 
patients  spend  in  the  emergency  department,  the 
addition  of  an  intravenous  dose  of  corticosteroids 
at  the  onset  of  treatment  does  not  significantly 
improve  lung  function  beyond  what  is  achie\ed 


with  bronchodilators  alone  (Fig.  4).  However,  it  is 
likely  that  in  these  trials  some  patients  made  ade- 
quate impro\ement  with  bronchodilators  alone,  and 
no  further  benefit  could  be  detected  with  cor- 
ticosteroids.''^ Other  patients  probably  benefited 
from  the  anti-inflammatory  effects  of  the  steroids, 
but  the  benefit  became  manifest  only  many  hours 
after  these  patients  left  the  emergency  department. 
Patients  with  exacerbations  of  asthma  probably 
should  not  be  detained  in  the  emergency  facility 
proper  for  more  than  4-6  hours,  and,  thus,  treat- 
ment with  systemic  corticosteroids  should  be  begun 
with  the  intent  of  improving  the  course  of  the 
patient's  response  after  he  or  she  has  left  the  emer- 
gency department. 
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Fig.  4.  Relation  of  peal<  expiratoi^  flow  (PEF)  to  duration 
of  ennergency  room  treatment.  Means  and  error  bars 
(95%  CI,  1.96  SD)  are  sfiown.  Entry  tir?\e  was  approx- 
imately 0.5  hiours  after  initiation  of  treatment.  Tfie  second 
PEF  determination  was  done  approximately  2  hours 
later.  Disposition  PEF  was  measured  at  approximately  6 
flours  after  arrival  in  discfiarged  patients  and  12  fiours 
after  arrival  in  admitted  patients.  At  no  lime  did  the  PEFs 
differ  between  the  control  and  steroid  groups.  PEFs  were 
similar  on  entry  in  the  groups  eventually  admitted  and 
eventually  discharged.  After  2.5  hours  of  therapy,  PEF 
was  significantly  reduced  in  the  group  requiring  hospital 
admission.  *p  =  0.002,  by  analysis  of  variance.  (Re- 
printed, with  permission,  from  Reference  37.) 

Along  this  same  line  of  reasoning,  an  impoilant 
role  for  corticosteroids  in  the  management  of  acute 
asthmatic  attacks  is  their  use  in  the  discharge  reg- 
imen of  patients  being  sent  home  after  treatment  in 
the  emergency  department.  An  asthmatic  attack  is 
rarely  over  at  the  time  of  discharge.  Even  though 
patients  may  report  an  absence  of  wheezing  and 
have  a  clear  chest  on  examination,  at  discharge 
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they  will  almost  uniformly  have  some  degree  of 
residual  airflow  ohstruction.'**  This  residual 
obstruction  together  with  persistent  lability  of  air- 
way caliber  (manifested  as  highly  variable  FEV, 
and  PEFR)  puts  asthmatic  patients  at  risk  for  recur- 
rent se\ere  attacks.  Acute,  lile-tiireatening  episodes 
not  infrequentl)  occur  in  the  hours  and  days  fol- 
lowing treatment  for  acute  asthma.  The  risk  of 
de\  eloping  a  recurrent  severe  attack  or  relapse  can 
be  significantly  reduced  by  a  course  of  oral  cor- 
ticosteroids begun  when  the  patient  is  discharged 
from  the  emergenc)  department.  Two  randomized 


jontrolled  trial 


,.14.-4(l 


"ound  strikingly  similar  results 


with  the  frequency  of  emergency  department 
relapses  reduced  from  approximately  22%  to 
approximately  69'c  by  an  S-day  course  of  pred- 
nisone or  methylprednisolone  (Fig.  5).  In  addition, 
even  among  those  whose  relapse  did  nt)t  bring 
them  back  to  the  emergency  department,  fewer 
patients  in  the  steroid-treated  group  reported  dis- 
abling symptoms  7-10  days  after  discharge.'" 
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Fig.  5.  Corticosteroid  administration  (□)  resulted  in  a 
decrease  in  relapse  rate  from  approximately  22%  to 
approximately  6%.  Z  =  placebo.  (Reprinted,  with  per- 
mission, from  Reference  39.) 

Patient  Assessment 

The  care  given  to  the  malpractice  lawyer 
(patient)  described  in  our  hypothetical  case  was 
inadequate  in  a  number  of  ways.  Despite  the  sever- 
ity of  her  asthmatic  attack,  she  received  sub- 
maximal  bronchodilator  therapy.  Sympathomimetic 
drugs  were  administered  infrequently,  and  there 
was  reliance  on  an  increase  in  the  serum  theo- 
phylline concentration  to  treat  persistent  symptoms. 
Corticosteroids  were  not  siven  in  the  emersencv 


department  and  were  not  included  in  the  post- 
discharge  treatment  plan.  Instead,  she  was  pre- 
scribed a  course  of  antibiotics,  despite  the  absence 
of  clinical  c\  idence  in  her  case  history  for  a  bac- 
terial bronchitis  or  sinusitis  and  the  lack  of  sci- 
cntilic  evidence  indicating  benefit  from  antibiotic 
therapy  in  acute  asthmatic  attacks.  In  general,  anti- 
biotics can  be  withheld  unless  fever,  leukocytosis, 
sputimi  piniilence  (with  polymorphonuclear  leu- 
koc)tes).  pulmonary  infiltrates  on  chest  x-ray,  or 
sinus  tenderness  with  purulent  nasal  drainage  point 
to  a  likely  bacterial  infection  of  the  respiratory 
tract. 

Objective  Measures  of  Lung  Function 

A  further  shortcoming  was  the  failure  to  make 
objective  measurements  of  lung  function  (spirom- 
etry or  PEFR  determination)  to  assess  the  .severity 
of  her  attack  and  its  response  to  treatment.  Subjec- 
tive estimates  by  health  care  providers  of  the  sever- 
ity of  airflow  obstruction  in  asthina  are  notoriously 
inaccurate,  with  both  o\er-  and  underestimates  of 
the  degree  of  obstruction  being  common  (Fig.  6)."" 
The  failure  of  physicians  to  make  adequately  inten- 
sive interventions  because  of  misjudging  the  sever- 
ity of  attacks  is  recognized  as  an  important  contrib- 
uting factor  to  many  deaths  from  asthma."*-  In  the 
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Fig.  6.  Physicians'  estimate  of  PEFR  plotted  against  the 
measured  value.  The  line  of  identity  and  20%  error  mar- 
gins are  shown.  Twenty  seven  of  62  estimates  (44%)  are 
within  20%  of  the  measured  value.  (Reprinted,  with  per- 
mission, from  Reference  41 .) 
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case  described,  several  clinical  clues  suggested  that 
this  was  a  particularly  severe  attack.  A  pulsus  para- 
doxus (>  12  mm  Hg).  use  of  accessory  muscles  of 
respiration,  diaphoresis,  and  refusal  to  lie  supine  all 
indicate  severe  airflow  obstruction  and  generally 
correlate  with  an  FEV,  <  1.25  L.^' ^-^  However,  it  is 
important  to  note  that  absence  of  these  findings  is 
not  reliable  evidence  lor  mild  obstruction  because 
these  physical  signs  may  he  absent  in  as  many  as 
half  of  asthmatic  patients  with  severe  obstruction.*^ 

Inexpensive  and  easy-to-use  devices  for  meas- 
uring expiratory  airflow  are  now  readily  available, 
and  repeated  measurements  of  lung  function  should 
be  a  routine  part  of  care  tor  virtually  all  acutely  ill 
asthmatic  patients.  Instead  of  qualitative  estimates 
of  severity  based  on  clinical  findings,  one  can  rap- 
idly obtain  quantitative  recordings  and  monitor 
change  over  time.  At  the  present  time,  the  proposed 
importance  of  basing  therapeutic  decisions  in  acute 
asthma  care  on  objective  measurements  of  lung 
function  derives  from  expert  opinion'  rather  than 
from  clinical  studies  demonstrating  improved  out- 
comes. The  potential  utility  of  this  approach  is  evi- 
dent in  three  examples. 

First,  PEFR  correlates  inversely  vsith  partial 
pressure  of  arterial  carbon  dioxide  (PaCO:)  in  acute 
asthma.  In  the  absence  of  respiratory  depressant 
medications,  hypercapnia  is  rarely  encountered 
unless  the  PEFR  falls  to  <  25%  of  normal."'*'  In 
patients  with  severe  asthmatic  symptoms  persisting 
despite  initial  bronchodilator  therapy,  peak  flow 
determinations  can  be  used  to  screen  for  patients  at 
risk  for  ventilatory  failure,  and  unnecessary  arterial 
blood  sampling  can  be  a\i)ided  if  the  PEFR  is 
>  25'/f  of  predicted. 

Second,  patients  failing  to  improve  significandy 
with  intensive  bronchodilator  treatment  can  be 
identified  early  in  their  course  with  the  use  of 
objective  measurements  of  lung  function.  As  noted 
above,  patients  with  an  initial  PEFR  or 
FEV|  <4(W(  of  predicted  who  after  60-90  minutes 
of  intensive  treatment  continue  to  have  values  < 
407c  generally  make  little  further  improvement 
over  the  ensuing  .^-4  hours  despite  continued 
inhaled  and  parenteral  hronchodilators.'''  Thus, 
soon  after  their  presentation,  patients  can  be  iden- 
tified who  ( I )  are  likely  to  benefit  from  systemic 
steroid  therapy  and  (2)  are  at  increased  risk  of 
retjuiring  hospitalization  for  their  asthma. 


Third,  measurement  of  lung  function  can  help 
assess  a  patient's  risk  for  recurrent  se\ere  disease 
following  emergency  department  discharge  and  so 
can  affect  the  decision  regarding  need  for  hospitali- 
zation. In  a  study  of  patients  whose  discharge  from 
the  emergency  department  was  based  solely  on  tra- 
ditional clinical  criteria  (relief  of  dyspnea  and 
absence  of  wheezing),  the  relapse  rate  was  signif- 
icantly greater  among  patients  \\  ith  lower  discharge 
values  for  FEV,.''''  In  a  number  of  in\estigations 
summarized  eksewhere.'"  it  was  found  that  patients 
successfully  discharged  from  several  different 
emergency  departments  following  treatment  for 
asthmatic  exacerbations  had  an  average  PEFR  of 
70-75%  of  predicted,  w  hereas  patients  w  ho  subse- 
quently developed  recurrent  respiratory  difficulties 
on  average  had  values  of  50-55'(  of  predicted  at 
the  time  of  emergency  department  discharge.  For 
patients  requiring  hospitalization,  the  average 
PEFR  at  the  time  of  hospital  admission  was  35- 
45%.^'  Data  such  as  these  led  the  Expert  Panel  of 
the  National  Asthma  Education  Program  to  incor- 
porate lung  function  measurements  in  their  recom- 
mended criteria  for  deciding  which  asthmatic 
patients  should  be  hospitalized  for  care.' 

Therapists  as  Evaluators  and  Instructors 

Respiratory  therapists  are  commonly  called  upon 
to  test  the  pulmonary  function  of  asthmatic  patients 
acutely  ill  with  cough  and  dyspnea.  In  all  but  the 
most  desperately  ill  patients  (those  too  breathless  to 
speak),  FEV|  or  PEFR  can  be  measured  without 
risk  to  the  patient.  Supporti\  e  but  forceful  coaching 
of  the  patient  is  needed  to  enlist  patient  cooperation 
and  ensure  maximal  expiratory  effort.  The  impor- 
tance of  accuracy  in  performing  the  tests  and 
recording  the  results  cannot  be  overemphasized 
because  erroneous  data  may  affect  management 
and  jeojiardi/c  patient  care. 

Respiratory  therapists  who  ha\e  contact  with 
patients  close  to  the  time  of  their  discharge  home 
have  a  special  opportunity  to  provide  meaningful 
instruction.  In  some  patients,  this  teaching  might 
take  the  form  of  instruction  in  the  use  of  home  peak 
flowmeters:  in  almost  all  patients,  it  should  include 
reinforcement  of  the  proper  technii.|ue  lor  using 
metered  dose  inhalers — with  or  without  spacers. 
Patients  recovering  from  an  often  frightening  epi- 
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sode  of  their  asthma  frequently  will  have  many 
questions  about  their  disease  and  its  management. 
By  de\oting  a  few  minutes  to  patient  teaching  in 
the  emergency  department,  a  well-informed  res- 
piratory therapist  can  have  a  major  impact  on  out- 
patient care  and  ma)  help  to  prevent  a  subsequent 
life-threatening  attack. 
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Fanta  Discussion 

Kacmarek:  Just  a  general  comment 
about  some  of  the  data  that  you  pre- 
sented regarding  MDIs  and  small  vol- 
ume nebulizers.  In  all  the  studies  that 
I  reviewed  in  which  results  were  not 
equivalent,  the  lack  of  equivalence 
was  associated  with  the  patient's  ina- 
bility to  master  the  MDI  technique.' 
If  a  spacer  was  added,  then  there  w  as 
equivalence.  I  am  trying  to  remember 
the  study  that  you  showed,  in  which  a 
difference  was  present  that  could  not 
be  traced  to  improper  technique  or 
nonuse  of  a  spacer. 

1.  Cushley  MJ.  Lewis  RA,  Tattersfield 
AE.  Comparison  of  three  techniques 
of  inhalation  on  the  airway  response  to 
terbutaline.  Thorax  1983;38:908-913. 

Fanta:  Your  point  is  well  taken.  The 
use  of  the  MDI   with  or  without  a 


spacer  requires  a  lot  of  coaching  for 
proper  delivery,  especially  in  acutely 
ill.  dyspneic  patients.  Spacers  are  cer- 
tainly an  important  inhalation  aid  in 
the  acutely  ill  patient  who  has  trouble 
coordinating  metered  dose  inhalers, 
but  I  think  that  their  use  also  requires 
supervision  for  proper  administra- 
tion. The  study  mentioned  in  my  talk, 
which  found  greater  bronchodilata- 
tion  with  continuous-flow  nebulizers 
than  with  MDIs.'  did  use  an  inhala- 
tional  aid  (InspirEase  reservoir  bag): 
it  is  not  mentioned  in  that  report 
whether  medication  administration 
was  directly  supervised  by  a  therapist 
or  other  hospital  staff. 

1.  Morley  TF.  Marozsan  E.  Zappasodi 
SJ.  Gordon  R.  Griesback  R.  Giudiee 
JC.  Comparison  of  beta-adrenergic 
agents  delivered  by  nebulizer  vs 
metered  dose  inhaler  with  InspirEase 
in  hospitalized  asthmatic  patients. 
Chest  1988:94:1205-1210. 


Kacmarek:  I  agree  with  you  100^. 
I'm  not  advocating  MDIs  in  the  set- 
ting of  an  acutg  asthmatic  attack. 
Patients  who  are  that  stressed  do  bet- 
ter with  the  small  volutne  nebulizer. 
However,  in  most  other  patients  the 
dosing  and  the  accuracy  with  which 
you  can  predict  the  quantity  of  drug 
received  is  better  using  an  MDI  w  ith 
a  spacer. 

Stoller:  It  seems  that  aminophvlline. 
despite  all  of  the  information  you 
presented,  dies  a  slow  death,  and  is 
being  resurrected  by  Wrenn  and  his 
colleagues  in  the  Annals  of  Internal 
Medicine  in  August  1991.'  I  wonder 
w  hat  your  thoughts  and  reactions  are 
to  this  kind  of  "mini  resurrection." 


Wrenn  K.  Slovis  CM,  Murphy  F, 
Greenberg  RS.  Aminophyllinc  ther- 
apy for  acute  bronchospastic  disease 
in  the  emergency  room.  Ann  Intern 
Med  1991:115:241-247. 
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Fanta:  In  the  study  that  Jamie  (Stol- 
lei)  refers  to.  patients  presenting  to 
the  eniergeney  room  were  randomly 
assigned  to  reeeixe  nebuH/ed  bron- 
ehodiiators.  intravenous  eortieoster- 
oids.  and  intravenous  aminophylUne 
\ersus  nehiiH/ed  bronehodihitors. 
intra\enous  eortieosteroids,  and  pla- 
eebo.  Their  response  was  measured 
b\  spirometry  at  the  end  of  2  hours  of 
treatment.  There  was  absolute!)  no 
difference  between  the  aminophvl- 
line-  and  placebo-treated  groups  in 
terms  of  lung  function  at  the  end  of  2 
hours;  howe\er,  it  turned  out  that  the 
aminophy  lline-treated  group  had  a 
reduced  need  for  hospitalization.  It  is 
unclear  to  me  how  to  explain  this 
finding  when  the  levels  of  lung  func- 
tion in  the  two  groups  were  identical. 
One  can  either  believe  in  alternative, 
unmeasured  effects  of  aminophylline 
or  one  can  say  that  this  study  stands 
as  a  single  and  unique  observation 
that  is  different  from  all  the  previous 
observations  and  my  own  guess 
would  be  different  from  subsequent 
trials  that  will  try  to  repeat  their  find- 
ings. I'd  be  interested  to  hear  what 
you  have  to  say.  Jamie. 
Stoller:  I  agree.  Actually,  Regis 
McFadden  wrote  a  thoughtful  accom- 
pany ing  editorial'  regarding  the  cri- 
teria for  discharge,  which,  as  I  recall 
the  report,  putatively  were  based  on 
some  pre-established  guidelines  in 
the  emergency  room  for  discharge; 
but  my  methodologic  question  about 
that  paper  is.  How  strictly  were  the 
criteiia  being  applied  in  both  groups, 
even  though  in  theory  the  house  offi- 
cers were  blinded.  One  can't  exclude 
the  possibility  of  a  bias  related  to 
patients"  reporting  subjective  trem- 
ulousness  associated  with  the  amino- 
ph\lline.  those  sorts  of  subtle  un- 
blinding  events  that  can  occur  in  such 
a  study,  as  you  all  know. 

My  second  question  regards  man- 
agement of  the  intubated  asthmatic. 
The  specific  question  regards  PEEP. 
The  original  letter  to  the  editor  by 
Qvist  and  his  colleagues-  talks  about 


PEEP  as  a  pneumatic  stent,  the  pos- 
sibility of  auto-PEEP.  and  the  intri- 
guing possibility  that  PEEP  is  actu- 
ally facilitating  ventilation  and 
facilitating  ultimate  weaning  bs 
decreasing  work  of  breathing  b\ 
opposing  the  imposed  inspiratory 
thresholds  of  auto-PEEP.  I  wonder 
v\hat  your  own  experience  and  feel- 
uigs  are  regarding  PEEP  as  an 
adjunct  to  the  pharmacologic  man- 
agement of  the  ventilated  asthmatic 
patient. 

1 .  McFadden  ER  Jr.  Methylxanthines  in 
the  treatment  of  asthma:  the  rise,  the 
fall,  and  the  possible  rise  again  (edi- 
torial/comment). Ann  Intern  Med 
1991:115:323-324. 

2.  Qvist  J.  Andersen  JB.  Pemberton  M. 
Bennike  KA.  High-level  PEEP  in 
severe  asthma  (letter).  N  Engl  J  Med 
1982:307:1347-1348. 

Fanta:  Quite  frankly.  Jamie,  I  think 
that  is  beyond  my  area  of  expertise, 
and  I  suspect  that  there  are  people  in 
the  audience  much  better  able  to 
answer  that  question  than  I.  I  think 
that  I  understand  the  theoretical  ben- 
efit from  the  use  of  PEEP  in  this  set- 
ting, to  relieve  some  of  the  work  of 
the  inspiratory  muscles,  which  are, 
curiously,  active  during  the  expir- 
atory phase  of  respiration  in  patients 
with  severe  obstructive  lung  disease. 
But  whether  that  can  be  translated 
into  a  clinical  benefit,  I  cannot  com- 
ment based  on  my  personal  expe- 
rience. 

Weaver:  For  severe  asthmatics  we 
commonly  allow  hypercapnia,  as  you 
allude.  Could  you  comment  on  other 
therapies  for  severe  asthma,  refrac- 
tory asthma,  specifically  the  use  of 
magnesium,  ketamine,  paralysis, 
those  sort  of  modalities. 
Fanta:  Unfortunately,  for  most  of 
these  'heroic  measures"  used  to  treat 
life-threatening  asthma.  1  think  there 
is  only  anecdotal  supportive  evi- 
dence. There  has  been  one  controlled 
trial'  of  intravenous  magnesium  in 
which  patients  v\'ho  had  been  treated 


with  beta-agonist  bronchodilators 
but  still  had  severe  airtlow  obstruc- 
tion (average  peak  expiratory  flow  < 
2.'iO  L/min)  were  randomized  to 
intravenous  magnesium  at  a  dose  of 
1 .2  g,  given  over  20  minutes,  or  to  a 
placebo  infusion.  The  placebo- 
treated  patients  had  a  stable  course 
over  the  ensuing  45  minutes.  The 
magnesium-treated  patients  had  fur- 
ther bronchodilatation  that  was  sta- 
tistically significant  at  20  to  45  min- 
utes (Fig.  1 ).  This  one  study  suggests 
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Fig.  1 .  Mean  peak  expiratory  flowrates 
with  standard  errors.  Placebo-treated  =  O; 
magnesium  sulfate-treated  =♦. 

that  in  this  setting,  magnesium  sul- 
fate is  in  fact  an  effective  bron- 
chodilator.  Whether  it  is  more  effec- 
tive than  other  strategies,  I  think  is 
yet  to  be  determined,  and  there's  lots 
to  be  learned  about  its  use,  including 
the  optimal  dose,  how  often  to  give 
it,  and  what  its  toxicities  are.  At  the 
present  time,  this  remains  pre- 
liminary work.  Other  therapies  (such 
as  inhalational  anesthetic  agents, 
intravenous  ketamine.  broncho- 
alveolar  lavage,  and  whole-lung  lav- 
age, with  or  without  acetylcysteine, 
intravenous  isoprotere-nol,  and  the 
like)  have  been  described  only  for  a 
very  limited  number  of  patients, 
either  case  reports  or  small  series.-' 
My  own  experience  suggests  that  in 
most  instances — certainly  not  all, 
but  in  most  instances — the  best  strat- 
egy is  to  stick  with  conventional 
methods  and  wait.  Even  very  severe 
asthmatic  exacerbations  generally 
improve  with  time  and  anti- 
inflammatory therapy  with  cor- 
ticosteroids. If  the  patient  can  be 
supported  over  that  interval,  one  can 
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avoid  some  of  the  complications 
associated  with  these  other  heroic 
measures. 

1.  Skobeioff  EM,  Spivey  \VH,  McNa- 
mara  RM.  Greenspon  L.  Intravenous 
magnesium  sulfate  for  the  treatment  ol 
acute  asthma  in  the  emergency  depart- 
ment. JAMA  1989:262:1210:  1213. 

2.  Noppen  M.  Vanmaele  L.  Impens  N, 
Schandevyl  W.  Bronchodilating  effect 
of  intravenous  magnesium  sulfate  in 
acute  severe  bronchial  asthma.  Chest 
1990:97:373-376. 

3.  Okayama  H,  Okayama  M.  Aikawa  T, 
Sasaki  M.  Takishima  T.  Treatment  of 
status  asthmaticus  with  intravenous 
magnesium  sulfate.  J  Asthma  1991; 
28:11-17. 

Porter:  Could  you  comment  on  your 
experience  with  the  problem  you 
addressed  near  the  end  of  your  lec- 
ture at  >  age  45,  where  ischemic  or 
nonischemic  left-ventricular  dysfunc- 
tion may  be  responsible  for  the 
wheezing  that's  heard  in  the  emer- 
gency department,  and  whether 
you've  seen  benefits,  no  effect,  or 
detriment  with  beta-agonist-inhaied 
therapy  in  that  setting? 
Fanta:  The  practice  in  our  hospital 
has  been  to  use  inhaled  selective 
beta;-adrenergic  agonists  as  first-line 
therapy  even  in  the  older  population. 
Even  in  patients  with  known  cor- 
onary arter>'  disease  and  a  history  of 
coronary  ischemia,  beta  agonists 
remain  beneficial  in  terms  of  their 
bronchodilator  activity  and  reduction 
of  stress  associated  with  respiratory 
distress.  It  is  worth  emphasizing, 
however,  that  our  knowledge  of  the 
relative  toxicities  of  the  different 
bronchodilating  agents — comparing 
inhaled  beta  agonists  to  amino- 
phyllinc.  or  to  the  anticholinergics — 
is  extremely  limited,  especially  in  an 
older,  'at  risk'  population.  In  prac- 
tice, we  sort  of  muddle  through,  often 
reducing  by  half  the  dose  of  the 
inhaled  beta  agonists  and  hoping  for 
a  minimum  of  ischemic  or  arrhyth- 
mic complications. 
Thompson:  Do  you  have  ;i  criterion 


for  intubation?  At  what  point  do  you 
intubate  an  asthmatic? 
Fanta:  I  find  that  a  very  difficult 
question.  If  I  were  to  suggest  any  one 
value  for  the  P^co:  at  which  patients 
v\  ith  asthma  were  to  be  intubated,  we 
\M>uld  ail  find  reasons  to  disagree 
with  it.  Probably  most  important  is 
the  trend  in  FaCO:-  In  general,  the 
patient  with  a  PaCO:  ^  -50  torr,  who 
appears  not  to  be  improving  or  is 
worsening  despite  maximal  therapy, 
is  the  patient  who  should  be  intu- 
bated and  mechanically  \entilated. 
Obviously,  patients  who  are  apneic 
or  obtunded  and  no  longer  able  to 
cooperate  with  inhaled  medications 
also  should  be  intubated.  In  most 
instances,  though.  1  think  that  it's 
\ery  much  still  a  judgment  call — 
which  patients  you  think  may 
improve  with  a  little  more  time  and  a 
little  more  therapy,  and  which 
patients  clearly  are  worsening  in 
spite  of  your  therapy  and  should  be 
intubated.  Again,  1  think  there  are  a 
lot  of  experts  in  the  audience  who 
might  have  comments  that  differ 
from  mine. 

Kacmarek:  Chris.  I  want  to  ask  you 
about  dosing  during  an  acute  asth- 
matic attack.  The  'standard'  dose  of 
bronchodilator  is  frequently  the  same 
dose  that's  used,  at  least  initially,  in 
the  emergency  room  when  a  patient 
presents  in  an  acute  asthmatic  attack. 
What  is  your  philosophy  on  broncho- 
dilator dosing  in  this  setting? 
P'anta:  1  think  that's  a  wonderful 
question  because  it  gets  at  another 
unknown:  What  is  the  optimal  dose 
of  inhaled  beta-agonist  bronchodila- 
tor in  acutely  asthmatic  patients? 
We've  used  7.5  mg  of  albuterol  by 
continuous-tlow  nebulizer  every  20 
minutes  for  3  doses.  At  7.5  mg  over 
1  hour,  it  seems  like  a  pretty  big 
dose,  but  whether  it's  optimal  and 
v\helher  nK)re  could  safely  be  given 
without  significantly  greater  side 
effects  iire  unknown.  It  should  be 
addressed  in  emergency  department 
studies:  we  should  find  out. 
Hess:  Alonfi  those  same  lines,  what 


are  your  feelings  about  continuously 
aerosolized  bronchodilator?  There 
have  been  some  anecdotal  reports,' 
but  as  far  as  results  from  controlled 
clinical  trials  are  concerned,  I 
haven't  been  convinced  that  it  makes 
any  difference.  I  wonder  what  your 
feelings  are. 

I.  .\Ioler  FW.  Hurwit/  ME,  Custer  JR. 
Improvement  in  clinical  asthma  score 
and  PaCO;  in  children  with  severe 
asthma  treated  with  continuously  neb- 
uli/ed  terbulaline.  J  Allergy  Clin 
Immunol  1988:81:1  101-1  109. 

Fanta:  I  have  a  colleague  who  w hen 
asked  how  much  beta  agonist  should 
be  given  in  severe  asthma  replies 
one  dose  per  breath.  Continuous  ncb- 
ulization  is  one  way  to  achieve  that 
goal.  However,  in  at  least  one  report- 
ed trial,'  no  difference  in  broncho- 
dilatation  could  be  found  between 
continuous  nebulization  and  inter- 
mittent dosing  (for  instance,  neb- 
ulization every  20  minutes).  I  must 
say  that  it  takes  about  10  to  12  min- 
utes to  evacuate  one  of  those  small 
volume  nebulizers,  so  that  every  20- 
minute  dosing  leaves  relatively  little 
"down  lime."  ^gain.  this  question 
gets  us  back  to  the  issue  of  optimal 
dose.  How  much  and  how  often 
should  we  be  using  our  beta  ago- 
nists, especially  if  we're  focusing  on 
these  drugs  as  our  prime  broncho- 
dilator therapy  in  the  emergency 
room?  We  need  to  know  more  about 
dosing  and  how  best  tii  dcli\cr  them. 

1.  Colaeone  .A.  Wolkove  N.  Stem  E. 
Atllalo  M,  Rosenthal  TM,  Kreisman 
H.  Continuous  nebulization  of  albu- 
terol (salbutamol)  in  acute  asthma. 
Chest  1990:97:693-697. 

Mathews:  I  would  jusi  like  to  com- 
ment for  a  moment  on  the  preventive 
aspect  of  these  acute  life-threatening 
asthmas.  Nelson,  Saks,  &  O'Con- 
ncll,  in  Mayo  Clinic  Proceedings 
back  in  November  of  '89.  published 
an  excellent  article  on  lifc-lhrcalcn- 
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ing  asthmas  and  status  asthmaticus  in 
children.'  They  suggested  tiiat  per- 
haps the  hest  cure  is  prevention,  indi- 
viduah/ed  maintenance,  and  edu- 
catit)n  programs  tor  the  patient.  I  was 
wondering  if  you  see  this  as  a  role  for 
the  respiratory  therapist,  such  as  in 
Better  Breathing  Clubs,  or  tiie 
chronic  lung  clubs,  and  the  children's 
asthma  clubs? 

I.  Nelson  DR.  Saks  MI.  OX\>niK-ll  EJ. 
■Approaches  to  acute  asthma  and  status 
asthmaticus  in  children.  Mayo  Clin 
Proc  1989:64(1  I):  1392- 1402. 

Fanta:  That's  an  excellent  comment, 
and  I  thank  vou  for  makini;  it.   .As 


your  comments  suggest,  the  emer- 
gency room  is  a  \ery  appropriate 
place  to  institute  preventive  strat- 
egies for  severe  asthmatics.  The  res- 
piratory therapist  has  a  perfect 
opportunity  to  make  those  interven- 
tions, being  a  health  care  provider 
knowledgeable  about  asthma  care. 
Having  just  come  through  a  fright- 
ening, perhaps  life-threatening  event, 
the  patient  is  likely  to  be  very  recep- 
tive lo  any  ideas  that  you  can  share 
about  preventing  recurrences.  Let  mc 
specifically  mention  two  areas  in 
which  respiratory  therapists  could  be 
very  helpful.  1 1 )  More  and  more 
patients  will  be  sent  home  with  peak 
tlowmeters    to    monitor    their    lung 


function  and  to  alert  them  as  to 
when  they're  getting  into  trouble 
anil  shiiuld  contact  their  physician  or 
return  to  the  emergency  room.  It 
vvDuld  he  very  useful  for  respiratory 
therapists  who  are  familiar  with  this 
ec|uipment  lo  instruct  patients  on  its 
use  and  the  recording  of  their  peak 
flow  measurements  at  home.  (2)  The 
second  area  is  instruction  in  the 
proper  use  of  metered  dose  inhalers. 
Even  the  most  experienced  asth- 
matic patients  make  mistakes  in 
their  use  of  these  devices:  reviewing 
their  conect  use  would  be  a  perfect 
teaching  opportunity  for  respiratory 
therapists. 
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Diagnosis  and  Management  of 
Massive  Hemoptysis:  A  Re\  iew 


James  K  Stoller  MD 


Introduction 

Hemoptysis,  the  coughing  of  blood,  is  a  com- 
mon cMnical  symptom,  responsible  for  6.8%  of  out- 
patient chest  cHnic  visits.'  1 1%  of  admissions  to  a 
hospital  chest  service,-  and  389(  of  patients 
referred  to  a  chest  surgical  practice.''  In  addition  to 
the  diagnostic  challenge  posed  by  the  patient  with 
hemoptysis,  the  subset  of  patients  who  cough  large 
amounts  of  blood  (ie.  those  with  massive  hemopty- 
sis) poses  additional  challenges  in  acute  and  long- 
term  management.  In  this  paper,  I  review  the  diag- 
nosis and  management  of  massive  hemoptysis  and 
after  defining  massive  hemoptysis  and  reviewing 
the  underlying  pulmonary  vascular  anatomy,  con- 
sider the  differential  diagnosis  and  epidemiology  of 
massive  hemoptysis.  Because  it  is  essential  for 
understanding  management,  the  natiual  history  of 
massive  hemoptysis  is  reviewed  next,  and  then 
attention  is  turned  to  diagnostic  modalities,  includ- 
ing chest  imaging,  bronchoscopic  techniques,  and 
nuclear  medicine  modalities.  Finally,  treatment 
strategies  are  considered,  including  local  air\\a\ 
treatments  (ie,  bronchial  tamponade,  lavage,  topical 
therapy),  bronchial  and  pulmonary  angiography, 
and  intubation  strategies.  The  efficacy  of  surgical 
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resection  is  considered,  followed  by  a  critical 
review  of  literature  regarding  medical  versus  sur- 
gical therapy  of  massive  hemoptysis. 

Definition  of  Massive  Hemoptysis 

As  summarized  in  Table  1.^''  different  defini- 
tions of  hemoptysis  have  been  presented,  reflecting 
a  range  of  views  about  how  much  blood  loss  com- 
prises ■"massive"  hemoptysis  and  alternate  \ievvs 
that  the  clinical  consequences  of  hemoptysis  matter 
more  than  the  actual  volume  of  blood  coughed. 
Clearly,  to  the  extent  that  the  Nolume  and  sequelae 
of  expectorated  blood  are  important  determinants 
of  patient  outcome,^-^'"  varying  definitions  of  mas- 
sive hemoptysis  among  series  complicate  the  task 
of  comparing  outcomes  and  management  recom- 
mendations. The  cautious  reader  will  take  account 
of  this,  and  in  this  re\  iew  I  attempt  to  specify  the 
definition  of  massi\  e  hemoptysis  as  needed. 

Table  I.     Definitions  of  Hemoptysis 

Massive  hemoptysis 

Spectrum  of  "volume"  definitions 

>  100  mL/24  h-*' 

>  600  mL/48  h" 

Major  (  >  200  mL/24  hi  \s  massive  (  >  1.000  niL/24  h)' 
"Magnitude  of  effect"  definitions* 
Presents  risk  of  large  aspiration 
Life-threatening  by  virtue  of  airway  obstruction, 
hypotension,  or  anemia 
Exsanguinating  hemoptysis' 

Hemoptysis  that  threatens  because  of  actual  voluine 

of  blood  lost 
Loss  of  >  1 .000  mL  total  at  rate  of  >  1 50  mL/h 
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The  most  lenient  \iilunie  definition  of  massive 
hemoptysis  has  been  proposed  by  Amirana  et  al"" 
and  Bobrovvitz  et  al:'*  expectorating  >  100  niL  of 
blood  a  day  at  least  once.  At  the  other  extreme  of 
volume  definitions  are  those  proposed  by  Crocco  et 
al"  (>  600  niL  of  expectorated  blood  in  48  h)  and 
Corey  and  Hla"  (>  1,000  mL  of  expectorated  blood/ 
24  h)'. 

As  an  alternate  to  volume  definitions  of  massive 
hemoptysis,  other  authors  have  defined  massive 
hemoptysis  by  the  magnitude  of  the  clinical  con- 
sequences. For  example,  based  on  the  fact  that  the 
anatomic  dead  space  of  the  major  airv\ays  is  100- 
200  niL  in  most  individuals,  massive  hemoptysis 
has  been  defined  as  the  volume  of  expectorated 
blood  that  presents  risk  for  large  aspiration  or  that 
is  life-threatening  by  virtue  of  airway  obstruction, 
hypotension,  or  blood  loss.  As  specific  examples, 
Holsclaw  et  al**  offer  three  criteria  for  massive 
hemoptysis:  pulmonary  bleeding  that  ( 1 )  causes 
death  or  requires  hospitalization,  (2)  is  large 
enough  to  give  laboratory  or  clinical  evidence  of 
systemic  blood  loss,  or  (3)  requires  blood  or 
plasma  transfusion. 

Garzon  et  al*^  distinguish  "exsanguinating" 
hemoptysis  as  pulmonary  bleeding  that  is  brisk 
enough  to  threaten  life  not  only  by  asphyxiation  but 
also  by  blood  loss  itself;  a  volume  of  >  1,000  mL 
at  a  rate  of  >  1 50  mL/hour  is  proposed. 

.Amidst  the.se  extremes  of  volume  and  mag- 
nitude-of-effect  definitions,  other  distinctions  have 
been  made  in  defining  massive  hemoptysis.  For 
example,  Corey  and  Hla^  distinguish  between 
major  hemoptysis  (volume  >  200  mL/24  h.  but  < 
1,000  mL/24  h)  and  massive  hemoptysis  (volume  > 
1,000  mL/24  h).  However,  the  practical  difficulty 
of  measuring  the  volume  of  expectorated  blood  in 
usual  clinical  circumstances  limits  the  value  of 
finer  distinctions  in  defining  massive  hemoptysis. 
For  purposes  of  this  review,  studies  encompassing 
the  whole  spectrum  of  massive  hemoptysis  defini- 
tions are  considered,  but  specific  definitions  will  be 
provided  as  needed  for  clarity  of  interpretation. 

Vascular  Anatomy  of  the  Lung 

Sources  of  pulmonary  bleeding  include  the  pul- 
monary circulation,  a  low-pressure  circuit  (with 
normal  pulmonary  artery  pressures  of  15-20  mm 


Hg  systolic  and  5-10  mm  Hg  diastolic),  and  the 
bronchial  circLilation.  cttnsisiing  o\'  bronchial  arter- 
ies (which  branch  Worn  the  aorta  and  have  systemic 
arterial  pressures),  and  bronchial  veins  (which 
drain  into  the  systemic  veins  to  the  right  heart).  As 
depicted  in  Figure  1,  normal  bronchial  and  pul- 
monary circulations  are  connected  such  that  bron- 
chial arterial  blood  feeding  the  proximal  airways 
(eg,  trachea,  main-stem  bronchi)  drains  into  bron- 
chial veins  and  empties  into  the  right  heart. 
v\hereas  bronchial  arterial  blood  feeding  the  intra- 
pulmonary  airways  and  lung  tissue  drains  through 
bronchopulmonary  anastomoses  into  the  pulmo- 
nary veins  and  left  heart. 


,  Trachea 


Fig.  1.  Schematic  of  the  systemic  blood  supply  to  the 
lung.  Note  that  the  flow  from  the  extrapulmonary  airways 
and  supporting  structures  returns  to  the  right  heart, 
whereas  intrapulmonary  flow  becomes  anastomotic  with 
the  pulmonary  circulation  and  returns  to  the  left  heart. 
(Reprinted,  with  permission,  from  Reference  10,) 

Bronchial  arteries  arise  either  directly  or  indi- 
rectly from  the  aorta,  at  the  level  of  the  third 
through  the  eighth  thoracic  vertebra  (T3-T8),  most 
frequently  at  T5-T6."  Patterns  of  bronchial  arterial 
branching  from  the  aorta  have  been  examined  in 
both  human  postmortem  studies'-  and  during 
planned  embolization  therapy  for  massive  hemop- 
tysis.'"'^ For  example,  among  72  patients  under- 
going bronchial  angiography.  Uflacker  et  al'' 
observed  10  different  patterns  of  bronchial  arterial 
anatomy.  5  of  which  accounted  for  87.4'7f  of  obser- 
vations. The  three  most  common  patterns  were  ( 1 ) 
a  single  intercostal  trunk  on  the  right  from  which 
the  right  bronchial  artery  arises  and  a  single  left 
bronchial  artery  (30.5%);  (2)  an  intercostal  trunk 
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on  the  right  giving  rise  to  the  right  bronchial  artery 
and  a  second  common  trunk  from  which  right  and 
left  bronchial  arteries  arise  (25.0%);  and  (3)  a  right 
intercostal  trunk  giving  rise  to  a  bronchial  artery 
and  2  bronchial  arteries  on  the  left  (12.5'^). 
Although  the  anterior  spinal  artery  of  Adamkiewicz 
has  been  reported  m  arise  from  the  bronciiial  arter\ 
in  up  to  59c  of  patients'-  (precluding  embolization 
because  of  the  risk  of  spinal  artery  infarction),  no 
such  instance  was  demonstrated  in  the  series  by 
Uflackeretal.'-' 

Anastomoses  between  the  bronchial  arteries  and 
tributaries  of  the  pulmonary  veins  have  been  dem- 
onstrated in  normal  lungs  at  postmortem.'"  These 
communications  permit  drainage  of  bronchial  arte- 
rial blood  into  the  left  heart,  the  \olume  of  which 
may  increase  in  chronic  inflammatory  conditions 
(eg.  tuberculosis,  bronchiectasis,  cystic  fibrosis). 
New  collaterals  from  the  bronchial  arteries  or  adja- 
cent intrathoracic  systemic  arteries  (eg.  phrenic, 
intercostal,  subclavian,  or  axillary)  to  the  affected 
lung  parench\ma  may  also  develop.'"*  As  I  will  dis- 
cuss later,  luxuriant  collaterals  from  unexpected 
intrathoracic  arteries  can  undermine  the  success  of 
bronchial  arterial  embolization  for  massive  hemop- 
tysis and  require  more  extensive  arterial  catheteri- 
zation for  control  of  bleeding.""'* 

Differential  Diagnosis  of 
Hemoptvsis  and  Massive  Hemoptysis 

The  differential  diagnosis  of  hemoptysis  is  pre- 
sented in  Table  2  and  has  been  discussed  amply  in 

Table  .^.     Estimates  of  Prevalence  of  Massive  Hemoptysis 


Table  2.     Differential  Diagnosis  of  Hemoptysis 

Infectious  (bacterial,  mycobacterial,  viral,  fungal,  parasitic) 

Pneumonia 

Lung  abscess 

Bronchitis,  acute  or  chronic 

Bronchiectasis  (including  cystic  fibrosis) 

Mycetoma  (eg.  aspergilloma) 
.Neoplasm 

Bronchogenic  cancer 

Pulmonary  metastasis  from  extrapulmonary  primary 

Other  (eg.  sarcoma,  bronchial  adenoma) 
Foreign  body/trauma 

Aspirated  foreign  body 

Broncholith 

TracheoNascular  fistula  (eg.  tracheo  innominate  artery) 

Trauma 

Goodpasture's  syndrome 

Idiopathic  pulmonary  hemosiderosis 

Other  pulmonary  vasculitis  (eg.  Bechet's  syndrome, 
rheumatoid  arthritis,  systemic  lupus  erythematosus) 
Cardiac/pulmonary  vascular 

Left  ventricular  failure 

Mitral  stenosis 

Pulmonary  embolus/infarction 

Pulmonary  artery  perforation  (Swan-Ganz  catheter  mishap) 
Miscellaneous 

Arteriovenous  malformation  (including  Osier- Weber-Rendu 
syndrome) 

Bronchial  telangectasia 

Catamenial  hemoptysis 

■Pseudohemoptysis'  with  Scrniiia  innicescens  pneumonia 

Pneumoconiosis 

Indeterminate  (2-159^) 

available  reviews.'"''^  Changes  in  rates  of  disease 
occurrence  (eg.  declining  rates  of  new-onset  bron- 
chiectasis) and  diagnostic  advances  (eg.  the  ad\ent 
of  tlexible  fiberoptic  bronchoscopy  in  the  1970s) 


Author  (Year) 


Definition  of  MH 


Patients  with  MH  (n)* 


Prevalence 


Purscl&  Lindskog.-  I%1 

Croccoetal."  1968 
Garzon&Gourin."  1978 

Corey  &  HIa.'  1987 

Rabkuiclal,'"  1987 


>  500  niL  single  or 

>  1 .000  niL/several  days 

>  600  mL/4S  h 

>  600  niL/24  h 

>  1,000  mL/24h 

>  500  mL/24  h 


67 

75 

59 
120 


5/105  (4.8'7f )  patients  with  hemoptysis  for 
thoracic  surgical  admission 

67/4,331  consecutive  admissions  ( \.59c) 

75/18,000  admissions  to  chest  service 
(0.42%) 

59/887  consecuti\c  patients  w  ith  hemopty- 
sis (6.7%) 

120/306  patients  with  hemoptysis  for 
embolization  (39'^f ) 


*MH  =  massive  hemoptysis. 
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likely  account  for  a  changing  spectrum  of  causes  of 
hemoptysis.  In  recent  series,  for  example,  chronic 
bronchitis  occurs  more  commonl\ .  and  tuberculosis 
and  bronchiectasis  occur  less  comnionlv.  than  in 
earlier  series. 

Available  series  (Table  3--*-^-'^-")  show  that  mas- 
sive hemoptysis  accounts  for  a  minority  of  patients 
with  hemoptysis  (4.8-6.77c  of  hospitalized  patients 
with  hemoptysis.-^)  and  that  the  spectrum  of 
causes  of  massive  hemoptysis  is  narrower,  espe- 
cially chronic  bronchitis,  bronchiectasis,  tuberculo- 
sis (both  active  and  inactive),  bronchogenic  cancer, 
lung  abscess,  and  mycetoma  (Table  4^'*i-^-''-2^). 
Also,  unlike  hemoptysis  in  general  (for  which 
tuberculosis  and  bronchiectasis  have  become  more 
infrequent  causes^),  the  spectrum  of  causes  of  mas- 
sive hemoptysis  has  changed  little  among  series 
that  span  three  decades  (Table  4).  In  addition  to 
tuberculosis  and  bronchiectasis,  lung  abscess,  lung 
cancer,  and  mycetoma  have  been  consistent  causes 
of  massive  hemoptysis  over  time. 

Natural  History  of  Massive  Hemoptysis 

To  the  extent  that  treatment  benefits  massive 
hemoptysis,  descriptions  of  the  natural  history  and 
prognosis  of  massive  hemoptysis  reflect  the  impact 
of  therapies  used.  However,  despite  available  treat- 
ment, massive  hemoptysis  may  initially  present 
explosively,  resulting  in  acute  cardiopulmonary 
embarrassment  and  death.  For  example.  I'^c  of  the 
113  patients  reported  by  Bobrowitz  et  aF  presented 
with  initial  episodes  of  massive  hemoptysis  result- 
ing in  death  within  minutes  of  onset.  In  other 
series,  estimates  of  the  frequency  of  acutely  fatal 
episodes  of  massive  hemoptysis  are  18.6%  of  43 
tuberculosis  patients  with  massive  hemoptysis,-"' 
32%  of  19  patients  with  massive  hemoptysis  from 
cystic  fibrosis.*  and  9%  (2/22)  and  10%  (2/20)  in 
two  mixed  series  of  patients. -"'--'^ 

Notwithstanding  this  important  minority  of 
acutely  fatal  episodes,  bleeding  in  most  patients 
with  massive  hemoptysis  can  be  successfully  man- 
aged until  the  bleeding  stops.  For  example,  in  a 
series  of  33  tuberculosis  patients  managed  med- 
ically and  surviving  the  acute  episode  of  massive 
hemoptysis  (defined  as  >  200  mL/24  h).-'  bleeding 
stopped  in  all  patients  within  5  days.  Table  5 
presents  the  course  of  bleeding  in  64  medically 
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Table  5.    Resolution  of  Hemoptysis  in  64  Patients  Success- 
fully Managed  Medically' 


Resolution  by 


Cumulative  % 


Day  1  in  31.2% 
Day  2  in  17.1% 
Day  3  in  26.5% 
Day  4  in  12.5% 
Day  5  in  4.6% 
Day  6  in  3.1% 

♦Adapted  from  Reference  5. 


31.2% 
48.3% 
74.8% 
87.3% 
91.9% 
95.0% 


treated  patients  with  nias.sive  iiemoptysis  (>  100 
mL/24  h).''  Bleeding  stopped  by  Day  3  in  approxi- 
mately three  quarters  of  patients  and  in  virtually  all 
patients  by  Day  6. 

Once  an  acute  episode  of  massive  hemoptysis 
has  resolved,  management  is  dictated  by  the  risk  of 
recurrent  massive  hemoptysis.  Indeed,  patients 
with  recurrent  massive  hemoptysis  comprise  many 
available  series.  For  example,  among  59  patients 
with  massive  hemoptysis  {>  1,000  mL/24  h) 
reported  by  Corey  and  Hla,^  40%  (24/59  patients) 
had  bled  previously.  Among  67  patients  bleeding  > 
600  mL/48  hours  reported  by  Crocco  et  al,''  87% 


(58/67)  had  bled  previously,  9  of  whom  had  4  or 
more  previous  bleeding  episodes.  Few  of  the  earlier 
episodes  were  said  to  be  massive.  howe\er. 

Longitudinal  esliinates  of  recurrence  risk  for 
massi\'e  hemoptysis  are  scarce;  ho\\e\er.  in  one 
available  study,  up  to  20-year  follow-up  of  a  cohort 
of  728  cystic  fibrosis  patients  showed  that  45%  of 
patients  with  massive  hemoptysis  experienced 
recurrence  after  conservative  medical  manage- 
ment.'" On  the  other  hand,  overall  survi\al  of 
patients  with  massive  hemoptysis  in  this  series  did 
not  differ  from  sur\i\al  in  the  group  v\ithoul  mas- 
sive hemoptysis.  Other  sources  of  estimates  of 
recurrence  risk  after  massive  hemoptysis  are  series 
that  report  long-term  follow-up  after  bronchial 
embolization  therapy,  which  are  revievsed  in  Table 
6.'-'""  "  Overall,  recurrence  rates  over  long-term 
follow-up  are  12%  to  46%  after  bronchial  embol- 
ization. Though  these  are  not  'natural  history"  stud- 
ies because  recurrence  rates  retlect  the  impact  of 
treatment,  these  follow-up  rates  can  be  considered 
to  provide  'best  case"  rates.  In  the  largest  available 
series,  Rabkin  et  al'"  report  recurrent  hemoptysis  in 
22.8%  of  158  patients  followed  for  3  lo  5  years 
after  successful  bronchial  embolization.  Utlackeret 
al'^  report  rebleeding  in  21%  of  56  patients  for 


Table  6.    Success  Rates  of  Bronchial  Artery  Embolization  for  Massive  Hemoptysis 


Success  Rate 

Author  (Year) 

Patients  (n) 

Cause  of  MH* 

(MH  Arrested) 

Comment 

Wholeyetal.-M976 

5 

Mixed 

100%  (immediate) 

First  report 

Remy  etal,-"*  1977 

49 

Mixed 

84%  (immediate); 
71%  (long-term) 

Fellows  et  al.-'"  1979 

13 

CF 

93%  (.short-term); 
54%  (long-term) 

13%  unable  lo  cmbolize 

Ferris,'"  1981 

25 

Mixed 

64%  immediate; 
56%  (long-term) 

Uflackeretal.'=  1985 

5 

TB  in  76% 

77%  (immediate); 
73%  (long-term) 

4%  unable  toembolize 

Muthuswamyclal."  1987 

6 

Active  TB 

83% 

Rabkin  ctal,'"  1987 

120 

Mixed 

91%  (short-term); 
78%  (long-term) 

8%  failure,  usually  due 
to  pulmonary  artery 
source 

*MH  =  massive  hemoptysis. 
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whom  bronchial  embolization  successfully  con- 
tmlled  acute  bleeding  and  Remy  et  al-'*  report 
rebleeding  in  159(  of  4!  patients  controlled  acutely 
u  ith  embolotherapy. 

Prognosis  of  Massive  Hemoptysis 

Several  series  have  examined  features  intlu- 
encing  mortality  in  patients  with  massive  hemopty- 
sis.""" in  a  series  reported  by  Corey  and  Hla,  with 
overall  mortality  of  34.5%,  features  associated  with 
death  included  hypotension  resulting  from  massive 
hemoptysis  (729^  vs  549f  mortality  in  patients 
without  hypotension),  radiographic  evidence  of 
aspiration  (44%  vs  15%  mortality),  and  underlying 
neoplasm  as  the  cause  of  hemoptysis  (72%  vs  20% 
mortality).  Importantly,  the  death  rate  was  6-fold 
higher  in  patients  coughing  >  1,000  mL  blood/24 
hours  than  in  patients  with  smaller  volume  hemop- 
tysis (58%  vs  9%  mortality).  These  observations 
are  supported  by  Garzon  and  Gourin''"  who  ana- 
lyzed outcome  in  75  patients  expectorating  >  1,000 
mL/24  hours.  91%  of  whom  underwent  surgery. 
Overall  mortality  was  18%  in  this  series,  and  fea- 
tures associated  with  mortality  included  large  vol- 
umes of  coughed  blood  (>  450  mL/12  h)  and  aspi- 
ration of  blood  to  the  contralateral  lung.  Though 
the  number  of  patients  in  this  series  was  small  and 
the  spectrum  of  causes  of  massive  hemoptysis  was 
narrow  (eg.  71%  of  patients  had  tuberculosis),  mor- 
tality was  not  influenced  by  patients"  age.  gender, 
etiology  of  bleeding,  or  administration  of  pre- 
operative antituberculous  therapy. 

Clinical  features  that  exclude  patients  as  surgical 
candidates  (eg,  inadequate  pulmonary  function, 
debilitated  states,  bilateral  pulmonary  bleeding 
sources,  metastatic  cancer)  are  also  highly  asso- 
ciated with  increased  mortality  rates  in  patients 
with  massive  hemoptysis.  In  a  series  of  67  patients 
bleeding  >  600  mL/48  hours  reported  by  Crocco  et 
al,''  75%  of  inoperable  patients  died  versus  40%  of 
operable  patients,  with  or  without  surgery.  Mortal- 
ity rates  in  inoperable  patients  were  46%  and  71%. 
respectively,  in  series  by  Corey  and  Hla^  and  Gar- 
zon and  Gourin""  versus  16%  and  18%  in  operable 
patients.  That  this  mortality  difference  reflects  the 
underlying  clinical  features  rather  than  the  impact 
of  surgery  is  suggested  by  a  lower  mortality  rate  in 
operable   patients   not   undergoing   surgery   (11% 


mortality)  than  in  operable  patients  ha\ing   lung 
resections  (50'7(  mortality). 

Diagnosis  of  Hemoptysis 

Proper  management  of  patients  with  massive 
hemoptysis  requires  correct  diagnosis  and  local- 
ization of  the  bleeding  source.  First,  because 
hemoptysis  can  be  mistaken  for  hematemesis.  ini- 
tial evaluation  must  distinguish  between  a  gastro- 
intestinal and  a  pulmonary  bleeding  source.  As  out- 
lined by  Lyons. '^  distinguishing  features  between 
hemoptysis  and  hematemesis  are  that  blood  from 
the  lung  is  (1)  coughed  versus  vomited.  (2)  partly 
frothy  versus  not  frothy.  (3)  alkaline  versus  acid 
(unless  hematemesis  is  so  massive  that  stomach 
acid  is  neutralized  by  blood),  and  (4)  mixed  with 
pus.  organisms,  and  macrophages  versus  some- 
times admixed  with  food. 

Also,  patients  with  hemoptysis  report  gurgling  in 
the  chest  and  may  localize  a  bleeding  site  in  the 
thorax"  versus  experiencing  nausea  and  vomiting, 
as  is  more  typical  in  upper  gastrointestinal  bleed- 
ing. 

Once  the  lung  is  established  as  the  source  of 
bleeding,  attention  turns  to  localizing  the  bleeding 
because  treatment  includes  placing  the  bleeding 
lung  in  the  dependent  position  and  because  suc- 
cessful use  of  topical  therapy  (eg.  bronchial  balloon 
tamponade),  bronchial  embolization,  and/or  sur- 
gical resection  requires  accurate  knowledge  of  the 
bleeding  source.  Using  all  available  methods,  over- 
all success  rates  for  localizing  bleeding  have  been 
75-93%,^-  with  95%  success  in  lateralizing  the 
bleeding  source  without  more  specific  lobar  local- 
ization.-'^ The  yield  of  individual  strategies  for 
localizing  the  bleeding  source  has  been  as.sessed  by 
Pursel  and  Lindskog-  in  a  series  of  105  patients 
with  hemoptysis.  Patient  self-assessment  was  least 
useful,  offered  by  only  10%  of  patients,  of  which 
30%  were  inaccurate.  Clinical  examination  cor- 
rectly localized  the  bleeding  source  in  43%  of 
patients  but  was  inaccurate  2%  of  the  time.  Chest 
roentgenogram  was  correct  in  60%  of  all  105 
patients,  and  no  instance  of  inaccuracy  was  found. 
Finally,  bronchoscopy  during  active  bleeding  was 
most  accurate  (86%  of  evaluations)  but  was  pos- 
sible in  only  a  minority  (20%)  of  all  patients. 
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Although  most  investigators  advocate  broncho- 
scopy to  help  localize  bleeding,  whether  to  perform 
bronchoscopy  immediately  (eg.  within  48  hours  of 
acute  bleeding)  or  more  remotely  remains  con- 
troversial. Table  7  presents  the  two  available  stud- 
ies comparing  early  versus  delayed  bronchos- 
copy"" that  show  higher  rates  of  successful  local- 
ization with  early  bronchoscopy.  However,  careful 
analysis  of  the  diagnostic  impact  of  bronchoscopy 
has  shown  that  while  active  bleeding  and  the  site  of 
bleeding  are  visualized  more  commonly  with  early 
versus  delayed  bronchoscopy  (34%  vs  11%, 
respectively),  the  timing  of  bronchoscopy  rarely 
alters  the  suspected  cause  of  bleeding  or  overall 
patient  management."  Nonetheless,  to  the  extent 
that  accurate  localization  is  the  keystone  of  man- 
aging massive  hemoptysis  and  certainly  can  impact 
greatly  on  treatment,  I  favor  early  bronchoscopy. 
Whether  to  use  a  rigid  or  flexible  bronchoscope  has 
also  been  debated,  but  in  the  absence  of  a  head-to- 
head  comparison,  no  firm  conclusion  can  be 
offered.  Currently,  the  choice  reflects  the  user's 
experience:  the  trade-off  is  between  better  suc- 
tioning with  the  rigid  instrument  and  greater  access 
to  smaller  airways  with  the  llexible  bronchoscope. 
The  choice  of  instrument  has  been  extensively 
summarized  by  Neff:-^'' 

In  cases  of  massive  hemoptysis,  the  use  of  a  rigid  bron- 
choscopy for  emergency  examination  seems  more 
advantageous  than  using  a  bronchofiberscope.  The 
selection  of  which  scope  to  use  for  hemoptysis  seems 
less  important,  however,  than  the  close  active  com- 
munication between  the  experienced  pulmonary  phy- 
sician and  the  skilled  thoracic  surgeon. 

Besides  plain  chest  radiograph)  and  bronchos- 
copy, three  other  imaging  modes  have  been  inves- 
tigated for  localizing  the  source  of  hemoptysis: 
computerized  tomography  of  the  chest;  radionu- 
clide studies  using  technetium  sulfur  colloid 
(''■"Tc-sulfur  colloid)  or  red  cells  labeled  with  '^Fe, 
^'Cr,  and  '''*'"Tc:  and  angiograph\  of  the  bronchial 
or  pulmonary  arteries. 

Only  a  single  study  has  specifically  examined 
the  diagnostic  impact  of  chest  computerized  tomog- 
raphy (CT)  in  patients  with  hemoptysis.'"'  To  assess 
whether  chest  CT  provided  unique  diagnostic  or 
management  information,  Haponik  et  al"'  per- 
formed plain  chest  radiographs,  chest  CT  scans, 
and  llexible  fiberoptic  bronchoscopy  in  32  patients 


Table  7.     A  Summary  of  Available  Studies  of  Delayed  vs 
Immediate  Bronchoscopy  for  Hemoptysis 


Yield  of  Localization 

First  Author 

n 

Bronchoscopy 

of  Bleed 

mg 

(Year) 

Delayed 

Early 

Pursel.- 

105 

Rigid 

529f 

86% 

1961 

Smiddy,'- 

71 

Flexible 

NS* 

93 

1973 

(active) 

Gong," 

129 

Flexible 

11% 

34% 

1981 

Bobrowitz,' 

25 

Flexible 

NS 

86% 

1983 

Rath.'^ 

31 

Flexible 

NS 

68% 

1973 

Corey.' 

59 

NS 

NS 

39% 

1987 

*NS  =  not  slated. 

with  hemoptysis  of  various  causes.  Computerized 
tomography  scans  provided  unique  imaging  infor- 
mation in  479f  of  patients  (15/32),  including  10 
patients  in  whom  the  plain  film  was  normal.  How- 
ever, in  only  2  patients  did  CT  provide  diagnostic 
information  not  available  after  bronchoscopy,  lead- 
ing to  altered  treatment  in  only  1  patient  (3%).  The 
authors  conclude  that,  although  CT  markedly 
enhances  radiographic  diagnostic  yield,  the  man- 
agement impact  of  CT  is  more  meager  and  "does 
not  suppt)rt  the  routine  u.se  of  CT  in  evaluation  of 
patients  w  ith  hemoptysis. ""''" 

Radionuclide  techniques  using  injccUon  of 
'''""Tc-sulfur  colloid  or  isotope-labeled  red  blood 
cells  have  been  e\aluated  in  a  small  number  of 
patients,  as  summarized  by  Haponik.'  In  general, 
availability  and  practical  constraints  may  limit  the 
usefulness  of  radionuclide  studies  in  e\aluating 
patients  with  massive  hemoptysis,  especially  for 
techniques  requiring  preparation  by  labeling  eryth- 
rocytes. In  the  scant  experience  with  patients  with 
massive  hemoptysis.  ''""Tc-sulfur  colloid  has  been 
injected  intra\enously  with  image  collection  over 
the  subsequent  60  to  90  minutes.  Dog  studies  sug- 
gest that  this  technique  (using  4  and  15  mCi)  can 
detect  bleedins  at  rates  as  low  as  0.1   mL/min.'^ 
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although  detection  is  eiratic  and  sometimes  unsuc- 
cessful at  bleeding  rates  4-fold  higher.  Haponik  has 
administered  """Tc-sulfur  colloid  (10  mCi)  to  10 
patients  with  hemoptysis  deemed  life-threatening 
and  of  uncertain  pulmonary  source.'  Scans  con- 
sistent with  localized  bleeding  were  obtained  in  5 
patients.  4  of  whose  bleeding  was  more  precisely 
localized  by  closely  timed  flexible  bronchoscopy. 
Bleeding  was  lateralized  to  the  right  side  in  the 
tifth  patient  whose  bleeding  site  was  not  confirmed 
by  other  means.  Overall,  the  limited  impact  of  radi- 
onuclide techniques  in  the  few  patients  reported 
suggests  that  routine  use  cannot  be  endorsed.  Cur- 
rently, use  of  ""'"Tc-sulfur  colloid  imaging  in 
patients  with  massive  hemoptysis  should  be  con- 
fined to  the  usual  clinical  circumstance  when  the 
patient  is  relatively  stable  and  bronchoscopy  or 
chest  CT  is  unavailable  or  nondiagnostic. 

Treatment  of  Massive  Hemoptysis 

General  principles  for  treating  massi\e  hemopty- 
sis are  outlined  in  Table  8.  Localizing  or,  at  least, 
lateralizing  the  bleeding  is  important  to  permit 
placing  the  bleeding  lung  down  and  to  avoid  con- 
tralateral aspiration,  an  event  associated  with 
increased  mortality  in  massive  hemoptysis.'**  Vol- 
ume and  coagulation  management,  supplemental 
oxygen,  and  general  measures  to  prevent  dis- 
lodging formed  clots  (eg.  cough  suppression  and 
a\oidance  of  maneuvers  that  raise  intrathoracic 

Table  8.     General   Principles   for  Medical   Management  of 
Massive  Hemoptysis* 

Localize  bleeding 

Histon, /physical  exam 

Radiology 

Bronchoscopy  (with  topical  therapy  if  possible) 
Bleeding  lung  down 
Volume/clotting  management 

Fluid  resuscitation  with  large-bore  access 

Correction  of  any  coagulopathy 

Administration  of  intravenous  vasopressin 

Record  of  volume  of  hemoptysis 
Oxygen  therapy 
General  measures 

Cough  suppression 

Stool  softeners  (to  prevent  straining) 


*  Adapted  from  Reference  31. 


pressure)   are   clinically    sensible   and   ha\e   been 
widely  adopted. 

In  addition  to  these  general  maneuvers,  more 
specific  maneuvers  are  directed  at  the  site  of  bleed- 
ing itself.  These  specific  treatments  can  be  cate- 
geirized  as  shown: 

•  Topical  treatments 

Balloon  bronchial  tamponade 

Topical  coagulants  (\asoconstrictors — eg, 

topical  epinephrine) 
Cold  saline  lavage 
Radiation  therapy 

X-irradiation 

Laser  photocoagulation  (Nd-YAG  laser) 
Positive  end-expiratory  pressure 

•  Phannacologic  maneuvers 

Intravenous  vasopressin 

•  Angiographic  occlusion  of  source  vessels 

Bronchial  artery  embolization 
Pulmonary  artery  embolization/occlusion 
Embolization  of  other  systemic  arteries 

•  Surgical  treatment 

Lobectomy 

Pneumonectomy 

Cavemostomy 

Topical  Treatments 

Although  most  investigation  focuses  on  the  effi- 
cacy of  embolization  and  the  need  for  surgery  ver- 
sus conser\'ati\e  management,  topical  treatments 
are  important  adjunct  maneuvers  in  massive 
hemoptysis,  especially  because  topical  treatment 
can  be  administered  during  initial  bronchoscopy  for 
localizing  bleeding. 

In  keeping  with  the  time-honored  treatment  of 
upper  gastrointestinal  bleeding,  cold  saline  lavage 
has  been  used  acutely  to  stop  bleeding  in  massive 
hemoptysis.  In  a  single  uncontrolled  trial.  Conlan 
and  Hurwitz  report  that  bronchial  irrigation  w  ith  50 
mL  aliquots  of  cold  (4°C)  normal  saline  was  suc- 
cessful in  anesting  bleeding  in  12  patients  with 
massive  hemoptysis  (>  600  mL/24  h).'*^  The  aver- 
age volume  of  saline  required  was  500  mL  (range 
300-750  mL)  and  the  presumed  mechanism  is  top- 
ical vasoconstriction  with  diminution  of  blood  tlow 
and  thrombotic  obstruction  of  distal  vessels.  Top- 
ical epinephrine  ( 1 :20,000)  is  used  for  similar  rea- 
sons.^" although  the  benefits  for  massive  hemopty- 
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sis  are  uncertain  and  a  structured  trial  has  not  been 
published.  Finally,  two  reports  in  the  Japanese  lit- 
erature""'- and  a  single  report  on  H)  patients  by 
Tsukamoto  et  al"'''  describe  the  use  of  topical  coag- 
ulants in  patients  with  massive  hemoptysis.  Apply- 
ing a  topical  solution  of  thrombin  (5-10  mL  of 
1.000  units/mL).  Tsukamoto  et  al  report  substantial 
efficacy  in  50%  of  patients  (no  recurrence  within 
14  days),  partial  efficacy  in  1  patient  (hemoptysis 
recurred  between  24  hours  and  14  days  after  treat- 
ment), and  failure  to  control  bleeding  in  40%  of 
patients.  Using  a  fibrinogen-thrombin  solution  (5- 
10  niL  of  a  2%  fibrinogen  solution)  was  very  effec- 
tive in  679f  of  patients  (6/9).  and  partiall_\  effective 
in  33%.  The  authors  contend  that  topical  coagulant 
therapy  "has  efficacy  equivalent  to  bronchial  artery 
embolization."  but  lack  of  any  controlled  compari- 
.son  and  the  paucity  of  available  studies  advise  the 
reader  to  reserve  judgment. 

Mechanical  topical  measures,  such  as  endo- 
bronchial tamponade.  ha\e  been  more  widely 
adopted  than  topical  drug  treatments.  Although 
bronchial  tamponade  has  been  used  in  conjunction 
with  endotracheal  intubation  in  exsanguinating 
hemoptysis,  tamponade  by  placing  bronchial  bal- 
loons has  been  performed  as  a  stand-alone  measure 
in  nonintubated  patients.'*"*'*'  Balloon  tamponade 
involves  occluding  the  bleeding  airway  by  infiating 
a  Fogarty  catheter  (4-Fr  for  segmental  bronchi,  up 
to  14-Fr  for  the  left  main-stem  bronchus),  which  is 
left  in  place  for  24  hours  (after  removing  the  bron- 
choscope over  the  catheter)  and  then  removed. 

Experience  with  bronchial  balloon  tamponade 
has  been  reported  in  two  small  series"*"* "''^  in  which 
bronchial  balloon  tamponade  controlled  bleeding 
acutel)  in  all  10  patients  with  massive  hemoptysis 
(>  300  mL/24  h).  none  of  whom  died  from  hemop- 
tysis or  experienced  recurrent  bleeding  (without 
surgical  resection)  for  up  to  9  months  of  follow-up. 
In  4  patients  with  cystic  fibrosis  and  massive 
hemoptysis.  Swersky  et  al  achieved  acute  control 
of  bleeding,  but  bleeding  recurred  in  3  of  their  4 
patients."*^  No  complications  of  endobronchial  tam- 
ponade were  noted  in  either  series.  Overall,  though 
the  reported  experience  is  limited,  the  universal 
reported  success  with  controlling  acute  bleeding 
and  the  lack  of  reported  risk  have  caused  endo- 
bronchial balloon  tamponade  to  be  widely  used. 

Other  topical  therapies  for  massive  hemoptysis 


include  external  beam  X-irradiation  and  laser  pho- 
tocoagulation with  a  neodymium  yttrium  aluminum 
garnet  (Nd-YAG)  laser,  both  of  which  ha\e  been 
described  in  a  few  case  reports.  External  beam  X- 
irradiation  (2.000  rads  in  5  fractions  over  7  days) 
was  associated  w  ith  cessation  of  massi\  e  hemopty- 
sis (450  mL/36  h)  over  3  days  after  failed  embolo- 
therapy  in  a  patient  with  an  aspergilloma."*^  Recur- 
rence of  hemoptysis  2  months  later  again  slowed 
after  administering  an  additional  1.000  rads. 
Although  X-irradiation  seems  sensible  based  on  the 
vascular  effects  of  radiation  (ie.  swelling,  necrosis, 
endothelial  cell  hyperplasia  causing  thrombosis  and 
fibrotic  occlusion  of  vessels),  judgment  about  the 
efficacy  of  X-irradiation  must  await  further  data. 

Laser  photocoagulation  has  been  used  to  achieve 
hemostasis  in  patients  with  massive  hemoptysis 
from  airway  neoplasms.  For  example.  Edmonstone 
et  al  reported  cessation  of  airway  bleeding  after 
applying  1.398  joules  of  Nd-YAG  laser  energy  to 
an  airway  tumor.*  Hov\ever.  failure  of  laser  ther- 
apy to  control  bleeding  due  to  an  heman- 
giopericytoma has  also  been  described.*^  While  the 
sparse  experience  with  Nd-YAG  laser  for  massive 
hemoptysis  precludes  definitive  recommendations, 
use  of  the  Nd-YAG  laser  should  be  confined  to 
centers  at  which  it  is  available  and  to  patients 
stable  enough  to  permit  laser  therapy  (ie.  those  not 
requiring  immediate  bronchial  embolization  and/or 
surgery). 

Applying  positive  end-expiratory  pressure  has 
also  been  advocated  as  a  "topical"  therap\  for  mas- 
sive hemoptysis,  especially  in  instances  when  the 
pulmonary  artery  is  the  source  of  bleeding  and  the 
patient  is  intubated  (ie.  in  the  operating  room  or 
intensive  care  unit).  As  noted  by  Noseworthy  and 
Anderson"*'*  and  Scuderi  et  al.'^"  PEEP  putatively 
lessens  bleeding  by  lessening  the  pressure  gradient 
between  the  pulmonary  arter>  and  airway.  .Specif- 
ically. PEEP  is  thought  to  he  effective  by  com- 
pressing the  pulmonary  anery  by  increased  intra- 
thoracic pressure,  decreasing  pulmonary  arterial 
blood  flow  and  the  transmural  pressure  gradient 
across  the  pulmonary  anery  wall,  and  decreasing 
the  pressure  gradient  between  the  pulmonary  artery 
and  airway  by  raising  airway  pressure. 

Available  experience  with  PEEP  for  massive 
hemoptysis  is  scant  and  confined  to  two  reports  of 
3  intubated  patients  in  whom  pulmonary  arterial 
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bleeding  stepped  when  PEEP  (20  cm  H^O)  was 
applied.  Though  support  for  using  PEEP  to  slop 
massive  hemoptysis  is  limited,  reasonable  guide- 
lines for  considering  PEEP  in  massi\e  hemoptysis 
are  as  follows: 

(1)  Low-pressure  pulmonary  arterial  bleeding  is 
the  presumed  source  of  massive  hemoptysis  (eg, 
Swan-Ganz  perforation  of  the  pulmonar>  artery), 
and 

(2)  the  patient  is  already  intubated  to  control  the 
massive  hemoptysis  (ie.  in  the  operating  room  or 
intensive  care  unit). 

In  the  majority  of  instances,  when  massive 
hemoptysis  results  from  the  bronchial  arteries  or 
other  systemic  arteries  and  the  patient  is  not 
already  intubated,  PEEP  is  not  an  appealing  treat- 
ment option. 

Pharmacologic  Maneuvers 

Besides  such  topical  treatments  as  cold  saline 
lavage,  bronchial  balloon  tamponade,  and  epi- 
nephrine. intra\enous  vasopressin  has  been  used  as 
a  systemic  pharmacologic  treatment  for  massive 
hemoptysis.  As  early  as  1911,  Wiggars'''  observed 
that  pituitary  extract  could  arrest  pulmonary  bleed- 
ing, presumably  by  lowering  pulmonary  vascular 
pressure.  Subsequent  use  of  pituitary  extract"'-  and 
of  vasopressin  have  shown  efficacy  in  massive 
hemoptysis  from  bronchiectasis,  tuberculosis,  and 
lung  abscess,  all  conditions  in  which  pulmonary 
bleeding  may  arise  from  the  bronchial  arteries.  As 
with  its  use  in  gastrointestinal  bleeding,  the  hemo- 
static effect  of  vasopressin  in  hemoptysis  may 
reflect  its  activity  as  a  potent  systemic  arterial  vas- 
oconstrictor. The  recommended  dose  of  intraven- 
ous vasopressin  for  hemoptysis  is  0.2-0.4  units/ 
minute  as  a  continuous  infusion,  and  vasopressin 
infusion  is  best  regarded  as  a  temporizing  measure 
to  control  bleeding  until  more  definitive  measures 
are  implemented.  Importantly.  Remy  et  al'**  have 
pointed  out  that  bronchial  arterial  constriction  by 
vasopressin  can  preclude  attempts  to  embolize  the 
bronchial  arteries  by  pre\enting  angiographic  vis- 
ualization of  the  vessel. 

Enibolotherapy  of  Bronchial  Arteries,  Other 
Systemic  .\rteries.  and  Pulmonary  .\rteries 

Besides  topical  therapies  of  massive  hemoptysis, 
angiographic  occlusion  of  source  vessels  (embolo- 
therapy)  and  surgical  resection  are  options. 


Several  lines  of  evidence  suggest  that  the  bron- 
chial arteries  are  the  usual  source  of  massive 
hemoptysis: 

1.  Injection  studies  show  that  bronchial  arteries 
feed  chronically  intlamed  regions  of  lung; 

2.  bronchial  arteries  feeding  inflamed  lung 
enlarge  in  diameter  (from  2  mm  up  to  6  mm); 

3.  in  contrast,  pulmonary  arterial  branches  sup- 
plying intlamed  lung  often  thrombose  early; 
and 

4.  anastomoses  between  bronchial  arteries  and 
pulmonary  arteries  enlarge  in  chronic  inflam- 
matory conditions,  exposing  thin-walled  low- 
pressure  vessels  to  systemic  pressures. 

Perhaps  the  most  compelling  evidence  that  bron- 
chial arteries  are  the  usual  source  of  massive 
hemoptysis  is  that  embolization  of  the  bronchial 
arteries  has  arrested  bleeding  acutely  in  patients 
with  massive  hemoptysis  from  many  causes  (64% 
to  100%  success.  Table  6-^'").  In  the  largest  avail- 
able single  series.  Rabkin  et  al'*^  reported  acute  ces- 
sation of  bleeding  in  91%  of  306  patients  under- 
going bronchial  embolization.  In  another  large 
series  of  bronchial  embolization.  Remy  et  al-** 
reported  cessation  of  active,  massive  bleeding  in  41 
of  49  (84%)  patients  treated  by  injecting  1-  to  2- 
mm  pellets  of  a  microencapsulated  absorbable  gel- 
atin sponge  into  the  bronchial  arteries.  In  patients 
with  both  massive  (n  =  35)  and  recurrent  (n  =  29) 
hemoptysis.  Uflacker  et  al  reported  77%  immediate 
control  of  hemoptysis  after  injecting  Gelfoam  par- 
ticles (2x2  mm  and  10x3  mm)  into  the  bronchial 
arteries." 

The  high  rate  of  longer  term  success,  measured 
by  freedom  from  recurrent  bleeding,  suggests  that 
bronchial  arteries  are  the  usual  source  of  massive 
hemoptysis.  Table  6  presents  long-term  success 
rates  from  54%  to  78%  in  several  available 
series.-'  "  More  specifically.  Remy  et  al-**  noted 
that  only  14.6%  (6/41)  of  the  patients  whose  active 
bleeding  was  successfully  arrested  after  bronchial 
embolization  experienced  recurrent  bleeding  over 
the  follow-up  interval  (2-7  months).  Uflacker  et 
al'-  reported  recurrent  hemoptysis  in  30.3%  of 
patients  treated  by  bronchial  embolization  alone. 

Putative  causes  of  remote  rebleeding  after  initial 
control  include  progression  of  the  underlying  dis- 
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ease,  development/enlargement  of  systemic  col- 
lateral arteries,  and  recanalization  of  the  embolized 
vessels.  Partial  or  complete  recanalization  of  bron- 
chial arteries  has  been  observed  in  3  of  6  patients 
re-studied  by  Uflacker  et  al"  after  hemoptysis 
recurred. 

Reasons  that  bronchial  embolization  may  fail  to 
control  bleeding  acutely  include  ( 1 1  the  embol- 
ization is  technically  unsatisfactory  (ie,  vessels  can- 
not be  visualized  or  if  seen  cannot  be  embolized) 
and  (2)  the  sources  of  bleeding  are  vessels  other 
than  the  bronchial  arteries  (ie.  collaterals  to  the 
lung  branching  from  systemic  vessels  other  than 
the  bronchial  arteries  such  as  the  subclavian,  axil- 
lar\ .  phrenic,  or  coronary  arteries  or  from  the  pul- 
monary artery). 

Features  identifying  bronchial  arteries  as  appro- 
priate targets  for  embolization  include  vessel 
hypertrophy  (ie.  increased  size,  number,  and/or  tor- 
tuosity), systemic-to-pulmonary  shunting,  aneu- 
rysm formation,  and/or  dye  extravasation,  which  is 
uncommon  (seen  in  3  of  75  patients  in  one  series'^ 
and  22%  of  patients  in  another''').  Despite  these  tar- 
get features,  technical  failure  occurs  in  4-13'7f  of 
attempted  bronchial  embolizations''  '''-^  because  of 
inability  to  visualize  or  cannulate  the  vessel  or 
because  takeoff  of  the  anterior  spinal  artery  (Adam- 
kiewicz)  makes  attempting  embolization  impru- 
dent. As  noted  above,  concomitant  administration 
of  intravenous  vasopressin  can  cause  spasm  of  the 
bronchial  arten.  and  preclude  \isualizing  and/or 
cannulating  the  vessel."'' 

Pulmonary  bleeding  will  persist  after  bronchial 
embolization  if  the  source  of  the  bleeding  is  not  the 
bronchial  artery.  In  a  series  of  20  consecutive 
patients  u  ith  hemoptysis  from  many  causes  treated 
by  bronchial  embolization,  Keller  et  al'^  have 
reported  that  control  of  bleeding  required  embol- 
ization of  other  systemic  collateral  ves,sels  in  9 
patients  (45%).  Sixteen  subclavian  or  axillary  arter- 
ies and  three  phrenic  arteries  required  occlusion  to 
achie\e  hemostasis  in  this  series. 

Though  less  frequently  the  source  of  hemoptysis 
than  the  bronchial  arteries,  the  pulmonary  arteries 
are  another  important  bleeding  source  and  should 
be  examined  angiographically  if  bleeding  persists 
after  bronchial  and  s\steniic  collateral  arteries  have 
been  treated.  Remy  et  al-**  reported  that  among  72 
patients  referred  for  embolization  and  studied  with 


both  bronchial  and  pulmonary  angiograms,  the  pul- 
monary artery  was  the  source  of  bleeding  in  6 
(8.3%).  Erosive  pseudoaneurvsms  of  the  pul- 
monary artery  were  observed  in  5  of  these  patients, 
associated  with  aspergilloma  (n=l).  cavitary 
tuberculosis  (n  =  12).  and  pyogenic  abscess 
(n  =  12).  .Similariy.  Rabkin  el  al'"  have  reported 
that  bronchial  embolization  failed  to  arrest  pul- 
monary bleeding  in  28  of  306  patients  referred  for 
angiography,  in  26  of  28  (8%  of  the  total  306). 
bleeding  was  only  stopped  by  subsequently  embol- 
izing  the  pulmonar>'  artery.  Finally.  Bredin  et  dV 
have  reported  a  patient  with  tuberculous  bron- 
chiectasis whose  bleeding  slowed  after  bronchial 
emboli-zation  but  did  not  stop  completely  until  the 
pulmonary  artery  was  occluded  by  intlating  the 
Swan-Ganz  catheter  balloon. 

When  hemoptysis  accompanies  placement  of  a 
Swan-Ganz  catheter,  pulmonarv'  arten,  tear,  rup- 
ture, or  infarction  are  obvious  considerations.  Puta- 
tive risk  factors  for  pulmonarv  arter>  rupture  by  a 
flow-directed  catheter  include  (1)  advancing  the 
catheter  too  far  distally  (as  may  happen  when  a 
catheter  that  is  placed  preoperatively  migrates  dis- 
tally as  the  lung  is  deflated  for  chest  surgery):  (2) 
inflating  the  balloon  when  the  catheter  is  too  distal 
or  overinflating  the  balloon:"''  and  (3)  wedging  the 
catheter  with  the  balloon  incompletely  inflated, 
exposing  the  catheter  tip  beyond  the  balloon  like  a 
spear.^^ 

.Acute  management  of  pulmonar\  arter\  tears 
includes  balloon  inflation  for  vessel  tamponade."' 
embolization  of  the  pulmonary  artery.-'*  or  emer- 
gency surgery  with  suture  occlusion  of  the  prox- 
imal pulmonan.'  arter>'  or  lung  resection."''-''" 

.Although  somewhat  contro\ersial.  tuberculosis 
is  another  setting  in  which  tiic  pulnninar>  arter>' 
must  be  suspected  as  the  source  of  hemoptysis. 
Rasmussen  idenlifled  aneurysms  of  the  pulmonar\ 
artery  in  the  walls  of  tuberculous  cavities  in  1  i 
postmortem  examinations  in  1868."''  an  observation 
that  has  lent  his  name  to  tuberculous  pulmonar\ 
arterial  aneurysms."""  Subsequent  observers  have 
conflrmed  these  findings,""  ""■  w  hich  have  been  dis- 
puted by  Cudkowicz,"''  who  suggested  that  the 
bronchial  arteries  were  the  true  source  of  the  aneur- 
ysms traced  by  Rasmussen  to  the  pulmonary  arter- 
ies and  who  observed  thrombosis  of  the  pulmonary 
artery  radicals  in  Ave  postmortem  examinations. 
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Despite  the  possibility  of  a  pulmonary  arterial 
source  of  bleeding  in  tuberculosis,  the  high  rate  at 
which  bronchial  embolization  successfully  controls 
acute  bleeding''  (Table  6)  suggests  that  bronchial 
angiography  should  be  undertaken  before  pulmon- 
ary angiography. 

Although  highly  successful  in  controlhng  acute 
bleeding,  bronchial  angiography  may  be  associated 
with  complications.  Table  9  reviews  the  reported 
complications  that  may  result  from  the  catheter- 
ization approach  itself,  the  expected  consequences 
of  occluding  the  bronchial  artery,  unexpected  con- 
sequences (eg,  bronchial  necrosis),  or  complica- 
tions due  to  occluding  other,  unintended  arteries. 
Of  greatest  concern,  but  reportedly  rare.'' '"  is  the 
risk  of  occluding  the  anterior  spinal  artery,  which 
may  emanate  from  the  right  intercostal  bronchial 
trunk  in  up  to  5*^  of  patients."  Inadvertent  embol- 
ization of  the  anterior  spinal  arter)  can  cause  trans- 
verse myelitis  or  paralysis  if  the  occlusion  is  com- 
plete. Finally,  occlusion  of  other  aortic  tributaries 
can  cause  tissue  ischemia  or  infarction.  For  exam- 
ple, in  the  series  by  Remy  et  al,-*"  1  of  104  patients 
undergoing  bronchial  embolotherapy  experienced 
necrosis  of  15  cm  of  small  bowel.  Occlusion  of  the 
anterior  tibial  artery  with  resuhant  claudication. 
transient  right  ami  numbness  presumabl}  related  to 
inadvertent  reflux  of  embolizing  material  into  the 
subclavian  artery,  and  renal  embolization  have 
been    reported.     Fortunately,    the    frequency    of 

Table  9.     Reported  Complications  of  Bronchial  Embolization 

Complications  of  catheterization 
Aortic  intimal  tear 

Expected  complications  of  bronchial  artery  ischemia/infarction 
Cough 

Chest-wall  pain  (universal ) 
Fever  (universal) 

Unexpected  sequela  of  bronchial  arter>'  ischemia/infarction 
Bronchial  necrosis  (ethanol  injection) 

Complications  due  to  "ectopic"  embolization 

Spinal  cord  ischemia/infarction  ( arter>'  of  Adamkiewicz) 
Transverse  myelitis  (noted  but  not  reported  to  occur) 
Paralysis 
Ischemia/infarction  of  aortic  tributaries 
(<  2%  combined  series) 
Leg  vessels 
Renal 
Bowel 


'ectopic'  embolization  in  reported  series  is  very 
low  (<  29f  of  combined  series).''  '"-** 

Overall,  bronchial  embolization  has  become  a 
mainstay  in  treating  life-threatening  hemoptysis 
because  acute  bleeding  can  usually  be  arrested, 
because  rebleeding  after  an  initial  treatment  is  rel- 
atively unlikely,  and  because  the  procedure  is  gen- 
erally safe.  Bronchial  embolotherapy  is  an  attrac- 
tive first-line  therapy  that  can  preempt  the  need  for 
surgical  resection. 

Surgical  versus  Medical  Therapy 
for  Massive  Hemoptysis 

Surgical  approaches  for  massive  hemoptysis 
include  lung  resection  (ie.  lobectomy  or  pneumon- 
ectomy) and  nonresectional  treatment  (ie.  cavem- 
ostomy  to  pack  the  bleeding  site):  the  latter  is 
reserved  for  patients  deemed  incapable  of  with- 
standing lung  resection  and  is  infrequently  per- 
formed. 

To  the  extent  that  surgery  removes  the  bleeding 
lesion  and  the  source  vessels,  resection  is  success- 
ful in  arresting  bleeding  acutely  and  preventing 
recurrence,  as  long  as  the  disease  is  localized  to  the 
resected  segment  and  does  not  progress.  An  obvi- 
ous exception  would  be  massi\e  hemoptysis  from 
diffuse  bilateral  bronchiectasis,  when  resection  of 
one  lobe  might  not  prevent  future  bleeding  from 
other  areas  of  in\  olved  lung. 

Table  10  reviews  available  series  that  report 
mortality  v\  ith  medical  and  surgical  management  of 
patients  with  massive  hemoptysis.  All  available 
studies  are  observational  series  because  a  random- 
ized controlled  trial  of  medical  versus  surgical  ther- 
apy of  massive  hemoptysis  has  not  yet  been  con- 
ducted. Comparison  of  series  that  span  two  decades 
reveals  a  striking  range  of  mortality  rates  (ie.  for 
surgical  resection  0.9%^°  to  50%^  and  for  medical 
management  1.6%"'  to  85%*"  in  various  series). 
Among  these  six  series,  conclusions  regarding  the 
efficacy  of  surgical  versus  medical  therapy  also 
vary  widely.  Four  series  report  higher  medical  than 
surgical  mortality,  and  the  two  most  recent  series''^ 
report  lower  mortality  with  medical  management 
than  with  resection.  In  an  attempt  to  understand 
these  disparate  conclusions,  analysis  of  the  avail- 
able series  is  appropriate  and  shows  major  differ- 
ences among  the  designs  of  available  studies.  Sur- 
gical investigators  have  authored  the  two  series 
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Tabic  10.     Ouicome  of  Surgical  (S)  vs  Medical  (M)  Trcatmem  ol  Massive  Hemoptysis 


First  Author 

1 

1 

Monality  Ch 

(Year) 

Surgical 

Medical 

Yeoh.^-"  1967 

13  S, 

43  M 

15 

23 

Crocco."  1968 

32  S. 

35  M 

19 

54  (78*) 

Gourin.-"  1974 

57  S. 

5M 

IS 

80t 

Sehhal,'^'  1978 

106.S.4()M 

0.9 

80 (85*) 

Garzon."  1982 

24  S 

25 

— 

Bobrowitz.^  1983 

31  S. 

82  M 

13 

22(1.6*) 

Corey.'  1987 

4SJ 

i5M 

50 

29(11*) 

'Surgical  candidates  managed  medically. 
tMedically  managed,  deemed  inoperable. 


Comments 

Not  randomized,  no  arterial  embolization 
Not  randomized,  no  arterial  embolization 
Not  randomized,  no  arterial  embolization 
Not  randomized,  no  arterial  embolization 
Exsanguinating  hetnoptysis 
(>  1.000  mL  blood  at  >  150  mL/h) 
Not  randomized,  no  arterial  embolization 
Not  randomized,  no  arterial  embolization 


with  the  largest  survival  difference  favoring  sur- 
gery and  the  highest  medical  mortality  rates  (80- 
85%);-"*'"  unlike  the  other  series,  the  two  surgical 
series  also  report  the  highest  proportion  of  patients 
offered  surgery  (91.9%-"  and  72.6%'"  of  patients, 
respectively)  and  the  highest  proportion  of  patients 
deemed  surgical  candidates.  Though  difficult  to 
specify,  it  is  possible  that  strategies  for  allocating 
patients  to  surgery  rather  than  medical  therapy  may 
ha\e  differed  in  these  series  from  other  series  col- 
lected by  nonsurgeons,  raising  the  possibility  that 
selection  bias  may  account  for  some  of  the  dis- 
parate conclusions. 

Because  being  considered  inoperable  suggests  a 
poor  prognosis  of  itself,  appropriate  interpretation 
of  medical  mortality  rates  among  series  requires 
comparison  of  mortality  rates  among  patients 
deemed  operable  but  managed  medically.  Mortality 
rates  of  such  operable  but  medically  treated 
patients  are  presented  in  parentheses  in  Table  10, 
and  striking  variatit)n  is  present  between  recent 
series"'-^  and  older,  surgical  series.-"-''""  That  mor- 
tality rates  are  lower  (1.6-11%)  among  operable 
patients  treated  medically  than  among  all  medical 
patients  (which  includes  some  inoperable  patients) 
is  clinically  sensible,  while  the  higher  mortality 
rates  among  operable  medical  patients  than  all 
medical  patients  in  the  series  by  Crocco  et  al"  and 
Sehhat  et  al''"  is  difficult  to  explain.  Overall,  except 
for  a  few  outliers,^''"  available  series  suggest  a  gen- 
erally stable,  low  surgical  mortality  rate  with  a  gen- 
erally declining  medical  mortality  rate  among 
series,  which  is  impressively  lower  among  operable 
but  medically  managed  patients  (1.6-11%  mortal- 


ity).^-^ Furthermore,  to  the  extent  that  none  of  the 
series  in  Table  10  includes  effective  medical  treat- 
ments like  topical  therapy  (eg.  bronchial  balloon 
tamponade)  or  embolization  as  part  of  the  medical 
regimen  offered,  it  is  likely  that  the  benefits  of 
state-of-the-art  medical  management  are  under- 
estimated by  these  series.  A  recent  preliminary 
report  by  Shamji  et  al  is  especially  informative.-^ 
Of  22  patients  with  massive  or  life-lhreatening 
hemoptysis  seen  at  the  University  of  Ottawa  o\ er  6 
years,  2  died  acutely  and  20  survived  the  acute  epi- 
sode. Bleeding  stopped  spontaneously  in  6  of  20 
surviving  patients,  the  remainder  of  whom  under- 
went selective  bronchial  occlusion  (13  patients)  or 
bronchial  embolization  (6  patients).  Twehc  of  the 
progressi\ely  bleeding  patients  underwent  surgery 
with  a  92%  acute  sur\ival:  and  8  patients  were 
managed  medically,  7  of  whom  survived  (88%). 
Overall,  acute  survival  was  82%  in  this  series, 
reflecting  the  benefits  of  state-of-the-art  medical 
therapy  and  modern  surgery  for  patients  who  bled 
progressively  despite  medical  therapy. 

In  this  author's  view,  the  high  rate  of  acute  suc- 
cess and  low  reported  risk  with  bronchial  embol- 
ization recommends  embolotherapy  as  first-line 
treatment  for  patients  with  recurrent  massive 
hemoptysis  or  unremitting  hemoptysis  on  initial 
presentation.  .Surgery  is  best  reserved  for  operable 
patients  when 

•  Bronchial  embolization  is  not  a\ailable  or  is 
technically  impossible  (eg.  anterior  spinal 
arter>'  takeoff  from  the  bronchial  artery,  bron- 
chial artcr\  nol  \isihlo  angiographicallyl. 
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•  Bleeding  continues  despite  attempted  embol- 
ization. 

•  The  volume  of  hemoptysis  requires  definitive 
initial  treatment  (ie.  >  1,000  mL/24  h  or  is 
associated  with  hemodynamic  or  major  res- 
piratory compromise). 

•  The  cau.se  of  massive  hemoptysis  is  unlikely 
to  be  arrested  by  bronchial  embolizatit)n  (pul- 
monary artery  perforation  by  Swan-Ganz  cath- 
eter, mycetoma  with  profuse  systemic  col- 
lateral arterial  supply). 
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Stoller  Discus.sion 

Porter:  In  the  experience  that  you 
quoted  with  vasopressin  and  desmo- 
pressin (1  know  those  arc  prohablv 
very  small  numbers)  but  were  results 
any  better  with  desmopressin — 
because  it  has  the  possible  additional 


effect  of  being  a  coagulant  or  of  acti- 
vating platelets'.' 

Stoller:  Yes.  the  use  of  desmo- 
pressin, or  DD.-WP.  has  gained  pop- 
ularity, as  you  know,  in  renal  failure 
and  in  pre\enting  bleeding  after  kid- 
ney biopsy,  taking  advantage  of  its 
abilitv  to  mobilize  Von  WilleBrand"s 


factor.  It  is  a  less  potent  va.socon- 
strictor.  It  is  an  arginine-suhstitute 
vasopressin,  so  that  it  is  less  cl'fec- 
ti\e  as  a  systemic  vasoconstrictor 
and  more  effccti\c  as  a  "coagulant." 
as  you  put  it.  The  numbers  are  small 
and  totally  anecdotal,  hut  I  think  if 
one  had  to  choose,  one  v\ould  ccr- 
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tainly  use  inliavcnous  \asiipressin 
o\er  dcsriiopressin. 
Wilson:  How  does  time  enier  into 
the  algorithm  that  \ou  presented.' 
Many  of  these  series  as  _\ou  pointed 
out  are  ver\  small  and  ha\e  oecurred 
over  the  course  of  man\  decades. 
Nov\  that  we  have  aggressive  angio- 
graphy services  available  essentially 
24  hours  a  da>.  is  this  medical/ 
surgical  approach  now  compressed 
into  a  24-hour  period  or  is  it  a  week 
period  of  time'  Has  that  iiilluenced 
the  figures,  as  opposed  to  v\hat  may 
ha\e  happened  10  years  ago? 
Stoller:  That's  an  excellent  question. 
and  it"s  a  \ariable  not  addressed  in 
much  of  the  literature.  Very  few  of 
the  available  reports  present  the  time 
inter\  al  between  the  onset  of  disease 
and  the  intervention,  as  it  regards 
success  or  failure.  But  in  my  own 
view,  one  needs  to  make  decisions 
fairly  promptly  with  regard  to  pres- 
entation, and  the  initial  assessment 
would  include  scrolling  through  the 
differential  diagnosis  to  decide 
whether  this  is  likely  to  be  from  a 
pulmonar)  or  bronchial  artery,  a 
mycetoma,  TB.  Bechet's,  a  pulmon- 
ary or  Swan-Ganz  catheter.  I  mean 
those  are  the  kinds  of  questions  in 
the  algorithm.  If  the  patient  is  at  risk 
for  soiling  the  contralateral  lung.  I 
think  it  may  be  appropriate  to  intu- 
bate the  patient  and  perhaps  to  call 
the  bronchoscopist  or  take  advantage 
of  balloon  tamponade  as  a  temporiz- 
ing measure  en  route  to  the  angio- 
graphy suite.  If  the  angiographer  is 
not  available,  if  angiography  is  not 
possible,  or  if  it  is  not  an  option  or  is 
somehow  technically  problematic  or 
not  going  well,  one  would  have  a 
low  threshold  for  surgical  resection 
within  the  next  24  hours — because 
patients  that  don't  do  well  die  soon. 
That's  the  message  from  Yeoh's 
paper'  and  from  Bobrowitz's  paper.- 
They  don't  linger  around,  coughing 
up  150  mL  every  day  in  a  systematic 
way.  They  cough  then  and  there,  and 
the  time   frame   is  compressed  into 


hoius.  1  think,  not  over  days  or 
weeks.  With  regard  to  what  happens 
after  the  acute  control,  that's  also 
problematic,  but  I  think  tewer  and 
fewer  patients  will  escape  without 
some  high  lech  intervention,  whether 
it  be  bronchial  embolization  or  surgi- 
cal resection.  A  possible  exception  is 
patients  with  CF.  for  whom  the 
approach  has  been  somewhat  more 
conservative,  with  acceptable  results. 
as  shown  by  Stem's  series.'  But  I 
think  the  time  frame  is  short  for  the 
decision  making. 

1.  Yeoh  CB.  Hubaytar  RT.  Ford  JM. 
Wyiie  RH.  Treatment  of  massive 
hemorrhage  in  pulmonary  tuberculo- 
sis. J  Thorac  Cardiovasc  Surg  1967; 
54:503-510. 

2.  Bobrowitz  ID.  Ramakrishna  S.  Shim 
VS.  Comparison  of  medical  vs  surg- 
ical treatment  of  major  hemoptysis. 
Arch  Intern  Med  1 983;  14.^:  1343- 
1346. 

3.  Stem  RC.  Wood  RE.  Boat  IF,  Mat- 
thews LW.  Tucker  AS.  Doershuk  CF. 
Treatment  and  prognosis  of  massive 
hemoptysis  in  cystic  fibrosis.  Am  Rev 
RespirDis  1978;117:825-828. 

Reines:  You  didn't  mention  the  use 
of  the  Carlen's  tube.  In  our  institu- 
tion, with  massive  hemoptysis,  and 
with  very  good  pulinonary  anesthes- 
iologists, that's  an  early  option.  The 
other  subset  you  didn't  mention  is  a 
subset  that  Dr  Hurst  and  I  deal  with, 
and  that's  trauma  patients.  They 
were  not  on  any  of  your  series  as  a 
cause  of  either  hemoptysis  or  mas- 
sive hemoptysis.  In  my  practice,  that 
plus  tracheoinnoininate  fistulae  are 
surgical  causes  of  hemoptysis. 
Stoller:  Those  are  both  excellent 
points.  With  regard  to  Carlen's 
tubes,  really  only  a  single  series, 
Gourin  and  Garzon'  have  addressed 
the  actual  instrument  that's  best  to 
use  in  the  isolation  of  an  airway. 
Actually,  the  literature  has  moved 
away  from  Carlen's  tubes  because  of 
the  difficulty  of  keeping  both  air- 
ways cannulated  and  because  of  the 


small  caliber  of  the  Carlen's  tube  at 
the  takeoff,  which  prohibits  good 
suctioning  and  certainly  prohibits 
bronchoscopic  passage  through  the 
Carlen's  tube.  What  literature  that 
does  exist  reflects  the  strategy  of 
intubating  the  main  airway  and  can- 
nulating  distally.  as  I  showed,  using 
bronchial  balloon  tamponade  to  can- 
nulate  the  bleeding  lung  distal  to  a 
standard  endotracheal  tube  in  the 
proximal  trachea.  Inflating  the  bal- 
loon isolates  the  lung.  There  has 
been  some  experience  with  Robert- 
shaw  tubes  that  has  been  somewhat 
disappointing  as  well.  It's  important 
to  avoid  trying  to  intubate  the  right 
lung  because  that's  been  fraught  with 
some  difficulty.  The  Carlen's  vs 
bronchial  etnbolization  experience 
from  Gourin  and  Gaizon'  suggests 
that  the  latter  strategy  is  better  than 
using  a  Carlen's  tube.  With  regard  to 
acute  traumatic  management,  some 
of  the  patients  in  Rabkin's  series  of 
306  patients  had  acute  trauma,  in 
which  the  angiographer  was  called  to 
the  emergency  room  to  manage  the 
acute  bleeding  patient  with  bronchial 
angiography,-  but  there's  very  little 
literature  about  the  acute  traumatic 
management  of  massive  hemoptysis. 
So.  I  think  it's  wide  open  for  some- 
one to  make  a  thoughtful  contribu- 
tion to  the  literature. 

1.  Gourin  A.  Garzon  AA.  Operative 
treatment  of  massive  hemoptysis.  Ann 
Thorac  Surg  1974;18:52-60. 

2.  Rabkin  JE.  Astafjev  VI.  Gothman  LN. 
Grigorjev  YG.  Transcatheter  embol- 
ization in  the  management  of  pulmo- 
nar\'  hemorrhage.  Radiology  1987; 
163:361-365. 

Haponik:  1  think  you  have  done  a 
fabulous  review,  given  the  hetero- 
geneity of  the  literature — both 
regarding  time  and  the  spectrum  of 
diseases  and  the  differences  in  man- 
agement approaches  to  these  pa- 
tients. At  an  ACCP  meeting  a  few 
years  ago,  we  had  the  opportunity  to 
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survey  practicing  chest  clinicians 
about  their  perspectives  on  these 
issues.'  It"s  remarkable  the  degree  to 
which  the  algorithm  \ou  outlined  is 
really  consistent  with  current  prac- 
tice patterns  by  pulmonologists. 
Despite  the  recognized  advantages  of 
a  rigid-bronchoscope  approach,  most 
practitioners  now  are  leaning  (result- 
ing from  their  training  perhaps) 
toward  the  use  of  a  fiberoptic  instru- 
ment in  the  ways  to  which  Jamie 
(Stoller)  has  alluded.  Practice  by 
most  individuals  also  reflects  his  rec- 
ommendation for  placement  of  a 
large-bore  endotracheal  tube,  rather 
than  use  of  a  Carlen's  tube.  Even  in 
prepared  operating  room  settings, 
failure  rates  as  high  as  257c  with 
insertion  of  Carlen's  tubes  and 
Robertshaw  tubes  have  been  rec- 
ognized. And,  as  so  often  occurs,  this 
catastrophic  event  takes  place  in  the 
middle  of  the  night  when  the  initial 
management  of  this  "drowning"  con- 
fronts perhaps  the  least  experienced 
members  of  a  management  team.  Td 
like  to  ask  you  a  question  regarding 
the  specific  roles  of  respiratory  care 
practitioners  in  this  area.  It"s  remark- 
able how  little  there  is  in  the  respi- 
ratory care  literature  regarding  what 
to  do  in  this  clinical  setting.  How 
about  the  issues  of  positioning,  ad- 
ministration of  chest  physiotherapy, 
inhalation  therapy,  and  potential  haz- 
ards in  that  regard,  or  what  informa- 
tion really  is  available? 

1.  Haponik  EF.  Chin  R.  Hemoptysis:  cli- 
nicians" perspectives.  Chest  1990:97: 
469-475. 

Stoller:  Those  are  excellent  points, 
and  1  neglected  to  cite  the  consensus 
or  the  questionnaire  that  you  cited, 
which  is  an  important  statement  from 
the  chest  literature.  With  regard  to 
the  respiratory  therapist's  contribu- 
tion, I  think  it's  important  that  the 
respiratory  therapist  be  familiar  with 
acute  management  issues  of  local- 
izing bleeding  and  putting  the  bleed- 


ing lung  down.  It's  not  inlrc(.|iient 
that  the  therapist  is  the  onl\  person 
actualls  thinking  about  the  dynamics 
of  where  the  blood's  coming  from 
and  what  to  do.  As  simple  a  maneu- 
\er  as  putting  the  bleeding  lung 
down  does  not  occur  to  many  people 
who  are  not  used  to  thinking  about 
the  airwav  and  the  lungs.  So  in  keep- 
ing with  the  theme  of  having  the  res- 
piratory therapist  as  an  on-site  source 
of  information,  which  is  what  Paul 
Mathews,  Bob  (Kacmarek),  and 
Roger  (Wilson)  alluded  to  earlier,  1 
think  that  therapists  are  the  people 
who  are  in  fact  more  expert  in  the 
acute  management  issues  than  many 
of  the  other  people  who  are  called  to 
attend  to  the  patient.  In  preparing 
this  talk.  I  found  relati\ely  little  from 
the  respiratory  care  literature  and  our 
own  literature  regarding  this. 
Mathews:  Concerning  the  role  of  the 
respiratory  therapist  in  hemoptysis — 
which  is  spoken  to  in  the  literature 
related  to  contraindications  of  the 
therapies  that  we  give,  positive- 
pressure  breathing  therapies,  and,  1 
suppose,  by  extension,  perhaps 
mechanical  \entilation,  chest  phys- 
ical therapy,  and  \ibration.  Do  you 
have  any  thoughts  for  us  on  those 
issues?  How  contraindicated  are 
these  contraindications? 
Stoller:  Paul,  that's  an  excellent 
question.  There's  \er>  little  with  an\ 
scientific  basis,  hut  the  standard 
advice  is  to  avoid  dislodging  clots,  to 
give  cough  suppressants  and  stool 
softeners  in  order  to  pre\ent  the 
patient  from  straining  at  stool  and 
increasing  intrathoracic  pressure,  and 
to  avoid  chest  physiotherapy.  Some 
people  are  more  aggressive  about 
cough  suppressants  than  others. 
There's  very  little  in  the  way  of  rig- 
orous guidelines,  and  yet  my  own 
sense  of  it  is  that  avoiding  aggressive 
chest  physical  therapy  is  a  good 
thing  to  do.  I  think  as  we  get  more 
and  more  into  therapist-dri\en  proto- 
cols and  more  and  more  primarx 
decision  making  by  respirator\  ther- 


apists (which  is  an  important  trend 
that  1  think  is  emerging),  this  will 
become  an  important  role  of  the  ther- 
apist in  the  acute  setting. 
Rodrijjuez:  One  of  the  areas  in 
which  the  therapist  encounters  hem- 
optssis  most  often  is  in  nasotracheal 
suctioning.  Are  there  any  compari- 
sons that  can  be  made  from  the  man- 
agement of  large  \olume  hemoptysis 
and  this  trauma-induced  hemoptysis? 
Stoller:  I'll  deter  that  question  to 
Roger  (Wilson),  who  taught  me 
e\erything  I  know  about  upper  air- 
way management.  I  can't  cite  any  lit- 
erature in  that  regard. 
Wilson:  That's  sort  of  a  difficult 
analogy  because  it's  like  cutting  your 
finger  and  cutting  your  arm  off.  I 
mean,  what  Jamie  (Stoller)  has  tried 
to  describe  is  life-threatening  and 
dramatic.  These  are  patients  in  w  hom 
urgency  is  the  first  order  because 
they're  truly  exsanguinating,  and 
they're  being  asphyxiated.  They're 
in  a  much  different  category  from  the 
indi\idual  who  has  therap\ -induced 
traumatic  bleeding  of  the  airway, 
both  in  terms  of  avoidance  and  in 
terms  o(  the  priorities  of  their  man- 
agement. It's  really  apples  and 
oranges,  and  1  don't  think  it's  really 
fair  to  compare  them. 
Fanta:  Jamie,  does  systemic  hyper- 
tension contribute  to  or  perpetuate 
bleeding  from  the  bronchial  circula- 
tion, and  wcHild  you  cautioush 
reduce  blood  pressure  in  someone 
with  sNstemic  hypertension  and 
hemoptysis,  including  massive  hemo- 
ptysis'^ 

Stoller:  That's  a  good  question.  1 
presume  that  there's  siniie  autoregu- 
lation  of  the  bronchial  arterial  circuit, 
but  I'm  not  aware  of  an>  literature. 
Ob\  iously,  if  one  lowers  the  blood 
pressure  enough,  one  will  compro- 
mise perfusion  everywhere.  The 
question  is  whether  it  would  selec- 
ti\el\  affect  the  bronchial  arterial  cir- 
culation. I  guess  1  can't  answer  that, 
because  I'm  not  aware  of  that  having 
been  addressed  in  the  literature.  I'd 
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be  happy  to  hear  comments  from 
others. 

Hapunik:  l'\e  heard  anecdotes 
regarding  attempts  to  use  vasodila- 
tors in  the  situation;  but  they  are  only 
anecdotes,  and  that's  certainly  not 
part  of  standard  care.  One  other  com- 
ment I'd  allude  to  would  be  the 
importance  of  respiratory  care  practi- 
tioners' reminding  the  managing 
team  to  avoid  anxiolytics.  As  was 
pointed  out  earlier  this  morning,  until 
one  has  control  of  the  airway,  you're 
courting  disaster  in  this  patient  popu- 
lation. Until  we  have  an  airway, 
effective   cough   is   realh    the   only 


defense  this  patient  has,  and  too 
often  the  importance  of  that  is  dis- 
regarded by  the  managing  clinician. 
The  other  patient  type  that  I'd  like  to 
add  to  your  list  of  potential  patients 
for  eiirly  surgery  would  be  those  with 
clear-cut.  focal,  resectable  necrotic 
lesions.  I  think  there  are  some  anec- 
dotal reports  in  the  literature  that 
support  earlier  surgery  in  these  indi- 
viduals, particularly  patients  with 
lung  abscess,  but.  again,  the  data 
supporting  that  are  treacherous  to 
interpret. 

Stoller:  I  think  that's  an  excellent 
point,  and  perhaps  one  other  subset 


would  be  patients  presenting  with 
hemoptysis  in  whom  medical  therapy 
is  likely  to  be  disappointing — for 
example,  in  a  patient  with  bronchiec- 
tasis and  Mycohacteriuni  aviiim- 
intracelhdure  complex  |MA1|  in 
which  the  expected  efficacy  of  5,  6, 
7  drug  regimens  is  poor.  Such  a 
patient  with  localized  disease  and 
hemoptysis  might  be  better  managed, 
both  from  the  point  of  view  of  his 
underlying  disease  and  the  acute 
presentation,  with  referral  to  a  sur- 
geon, rather  than  the  attempt  to  tem- 
porize with  another  strategy. 
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Neonatal  and  Pediatric  Ainvay  Emergencies 

John  E  Thompson  RRT,  Edward  Farrell  BS  RRT,  and  Michael  McManus  MD 


Introduction 

This  review  is  intended  t(i  inform  and  assist  the 
respiratory  care  practitioner  in  being  prepared  to 
respond  effectively  during  a  pediatric  or  neonatal 
airway  emergency.  Equipment  and  techniques  spe- 
cific to  the  care  of  infants  and  children  are 
described  and  common  disease  entities,  such  as 
meconium  aspiration,  congenital  diaphragmatic 
hernia,  tracheolaryngobronchitis  (croup),  epiglotti- 
tis, and  foreign-body  aspiration,  are  discussed. 
Familiarity  with  the  relevant  differences  between 
adult  and  pediatric  patients  and  the  general  ther- 
apeutic approaches  to  these  differences  should  per- 
mit the  therapist  to  provide  timely  and  often  life- 


Anatomy 

Anatomic  differences  between  the  adult  and  the 
child  are  most  apparent  in  the  newborn  infant  and 
gradually  disappear  as  the  child  reaches  the  school- 
age  years.  Although  differences  in  size  predom- 
inate, differences  in  anatomic  orientation,  structure. 
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and  physiology  also  contribute  to  the  challenge  of  a 
difficult  pediatric  airway.' 

Infants  and  young  children  are  particularly  vul- 
nerable to  airvvav  compromise.  With  laminar  How. 
the  tlow  of  gas  (volume/time)  moving  through  a 
tube  is  directly  proportional  to  the  founh  power  of 
the  radius  of  the  tube.  Thus,  a  reduction  in  diameter 
by  half  reduces  tlow  to  1/16  of  its  former  level.  To 
maintain  the  same  flow  requires  a  16-fold  increase 
in  pressure — thus  the  work  of  breathing  is  greatly 
increased.  When  How  becomes  turbulent,  resis- 
tance and  hence  work  of  breathing  increase  even 
more.- '  Physiologic  factors  such  as  increased  oxy- 
gen consumption,  increased  tnetabolic  cost  of 
breathing,  decreased  functional  residual  capacity 
(FRC).  and  increased  closing  volumes  limit  the 
oxygen  reserves  of  pediatric  patients  (particularly 
infants)  and  compound  their  v  ulnerability  to  airway 
emergencies.'* 

Other  than  size,  anatomic  peculiarities  of  the 
pediatric  airway  include  a  large  tongue  (relative  to 
the  size  of  the  oral  cavity),  a  rostra!  and  more  ante- 
riorly situated  larjnx  (at  the  level  of  the  third  and 
fourth  cervical  vertebra.  C3  and  C4).  angled  vocal 
cord  attachiTients.  a  curved  and  angled  epiglottis, 
and  a  funnel-shaped  larynx  (with  the  limiting  diam- 
eter being  at  the  cricoid  cartilage  rather  than  the 
vocal  cords).  Rostral  placement  of  the  larynx  (C.^- 
4)  allows  the  epiglottis  to  contact  the  soft  palate 
thus  permitting  the  newborn  to  suck  and  breathe 
simultaneously.  Unfortunately,  this  aLso  obligates 
the  infant  to  nasal  breathing  and  niakes  her  more 
vtilnerable  to  nasal  obstruction  from  secretions,  for- 
eign objects,  adenoidal  tissues,  and  edema.'  The 
soft,  fragile,  less  adherent  mucosal  tissues  of  the 
infant  nasopharynx  may  easily  swell  in  response  to 
infection  or  trauma  (suctioning),  thus  producing 
serious  airway  obstruction.  In  the  older  patient,  ton- 
sillar or  adenoidal   hypertrophy  or  infection  can 
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lead  to  either  complete  or  partial  airway  obstruc- 
tion with  obstructive  sleep  apnea  being  a  common 
presentation. 

The  rostral  and  anterior  larynx  with  its  acutely 
angled  vocal  cords  and  funnel  shape  presents  spe- 
cific difficulties  during  intubation.  Whereas  neck 
extension  in  the  adult  tends  to  open  the  airway  and 
facilitate  intubation,  extension  of  the  more  flexible 
neck  of  the  infant  actually  worsens  conditions  by 
closing  the  intubation  angle  and.  occasionally, 
kinking  the  trachea. "^  Optimal  positioning  (the  so- 
called  sniffing  position)  can  usually  be  attained  by 
simple  supine  positioning,  with  the  infant's  large 
head  and  prominent  occiput  providing  the  neces- 
sary lift.  Endotracheal  tube  (ETT)  passage  through 
the  vocal  cords  frequently  may  be  hampered  by  the 
acute  angle  and  anterior  attachment  of  the  cords. 
As  the  tip  of  the  ETT  contacts  and  "hangs  up"  on 
these  anterior  attachments,  manipulation  of  the  lar- 
ynx (with  cricoid  pressure)  and  the  tube  tip  (by 
rotation  and  stylet  placement)  become  necessary. 

Finally,  intubation  requires  tube  selection  appro- 
priate to  the  diameter  of  the  infant's  cricoid  cartil- 
age rather  than  of  the  vocal  cords.  Because  this 
area  is  not  visible  during  simple  laryngoscopy,  the 
appropriateness  must  be  judged  indirectly  by  ease 
of  passage  and  resultant  air  leak.  A  seal  of  sorts  is 
produced  between  the  ETT  and  the  mucosa  lining 
the  cricoid,  thus  making  a  cuff  unnecessary.  How- 
ever, this  contact  is  itself  traumatic  and  over  time 
can  produce  ciliary  denudation,  inflammation, 
weakening  of  the  cartilage,  and  eventual  scarring. 
Thus,  edema,  mucosal  eventration,  subglottic  sten- 
osis, and  granuloma  formation  become  possible 
complications.' 

In  addition  to  normal  anatomic  differences,  a 
myriad  of  pathologic  differences  can  present  them- 
selves. Laryngomalacia,  a  common  cause  of  infan- 
tile stridor,^  involves  the  inspiratory  collapse  of 
abnormally  floppy  laryngeal  tissues.  Micrognathia, 
as  in  the  Pierre-Robin  malformation  sequence, 
results  in  airway  obstruction  due  to  posterior  dis- 
placement of  the  tongue.  Macroglossia,  as  in  the 
Beckwith-Wideman  Syndrome,  produces  similar 
effects.  Specific  malformations  such  as  encepha- 
loceles,  hemangiomas,  oral  lymphangiomas,  and 
intrinsic  tissue  changes  (as  with  the  gangliosidoses) 
are  common  complicating  factors  in  pediatric  refer- 
ral populations. 


Neonatal  Airway  Mana{»enient 

The  Apgar  scoring  system'  has  been  a  widely 
adopted  standard  for  initial  clinical  assessment. 
Status  is  quantified  through  rapid  analysis  of  the 
infant's  color,  heart  rate,  tone,  respiratory  drive, 
and  respon.se  to  stimulation  at  1  and  5  minutes  of 
life  (Table   1 ).  Although  the  5-minute  score  cor- 

Table  I .  .Apgar  Scoring  Chart  for  Newborn  Assessment* 


Sign 


Score  0 


Score 


Score  2 


Heart  rate       Absent 


SIow«  100)  >  100 


Respirator* 

effort  Absent  Slow,  irregular.       Good 

hypoventilation       Crying  lustily 

Muscle  Flaccid  Some  tle.xion  of     Active  motion, 

tone  extremities  well  flexed 

Reflex 

irritability       No  response    Cry  Vigorous  cry 

Some  motion 


Color 


Blue,  pale 


Body  pink 
Hands  and 
feet  blue 


Completely 
pink 


*Adapted,  with  permission,  from  Reference  7. 


relates  best  with  ultimate  outcome,  low  scores  at  1 
minute  (Table  2)  alert  the  practitioner  to  the  need 
for  immediate  intervention.**  Ongoing  ventilation 

Table  2.  Apgar  Score  Implications  for  Treatment* 


Apgar 

Score      Presentation 


Respiratory  Intervention 


8-10     No  significant         No  treatment 
asphyxia 

5-7       Mild  asphyxia         Tactile  stimulation:  100%  oxygen 
by  face  mask  or  free  flow 

3-5       Moderate  Rapid  stimulation  and   100%  oxy- 

asphyxia  gen  bag-mask  ventilation;  restore 

FRC  and  spontaneous  respirations 

0-2  Severe  asphyxia  100%  bag-mask  ventilation 
heart  rate  <  100  beats/min; 
intubation  should  be  performed 


'Adapted,  with  permission,  from  Reference  8. 
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requirements  may  be  assessed  by  heart  rate.  A 
heart  rate  less  than  !()()  beats  per  minute  neces- 
sitates continued  ventilation.  The  majority  of 
infants  can  be  resuscitated  with  stimulation,  supple- 
mental oxygen,  and.  on  occasion,  brief  bag  and 
mask  ventilation.  However,  without  timely  inter- 
vention, an  initially  reversible  situation  can  dete- 
riorate to  a  more  serious  and  often  irreversible  one. 
During  initial  stabilization  of  the  newborn,  the 
■■fi\c  Hs"  must  be  resohed:  hypoxia,  h> perciubia. 
hypotension,  hypoglycemia,  and  hypothennia. 

Resuscitation  Equipment  in  the 
Delivery  Room 

Delivery  room  equipment  for  infant  resuscitation 
should  include  a  system  for  positi\e  pressure  ven- 
tilation (either  seif-intlating  or  gas-supply  depen- 
dent), masks,  ETTs.  laryngoscopes,  and  suctioning 
paraphenaiia. 

Non-Sell-Inflating  Systems.  The  non-self-intlat- 
ing  systems  (the  so-called  anesthesia  bags)  have 
their  roots  in  the  T-tube  .systems  developed  in  1937 
by  Ayre'^  for  deli\ery  of  anesthesia  to  spontane- 
ously breathing  infants.  In  1950,  the  system  was 
modified  by  Rees"'  with  placement  of  a  double- 
ended  bag  to  allow  control  of  ventilation.  A  num- 
ber of  variations  were  developed  later,  and  Maple- 
.son"  provided  a  classification  system  in  1954. 

The  essential  elements  of  anesthesia  or  Maple- 
son  systems  are  a  T-piece,  a  corrugated  reservoir 
lube,  a  non-.self-innating  reservoir  bag,  a  fresh  gas 
source  (essential)  and,  in  Types  A-D,  a  "pop-off 
valve  (Fig,  I).  In  the  simple  Ayre's  .system  (Type 
E)  rebreathing  is  prevented  by  providing  both  a 
high  fresh-gas  How  (2-.^  times  minute  \entilation) 
and  a  small  reservoir  (from  which  to  draw  when 
inspiratory  How  exceeds  fresh-gas  How).  Instead  of 
a  pressure-relief,  or  pop-off,  valve,  the  Mapleson  F 
circuit  employs  a  small  hole  at  the  end  of  the  res- 
ervoir bag.  uiiich  can  be  |iinclicii  closed.  In  our 
institution,  this  system  is  preferred  because  it 
allows  the  operator  to  control  system  leak  level 
(pop-off)  and  thus  system  pressure.  In  all  of  these 
systems,  liie  products  of  expiration  are  continu- 
ously flushed  i'wm  the  system  (Fig.  2).  Required 
trcsh-gas  tlow   may  be  initially  appn)ximatcd  by 


Patient 


B. 


Patient 


Patient 


Patient 


lr=^ 


Patient 


Patient 

Fig.   1.  Modified  Mapleson  classification  system.  FG 
fresh  gas.  (Adapted  from  Reference  10.) 


the  Nightingale  formula  (Table  3)  for  spontaneous 

respiration.'-  Mechanical  ventilation  still  requires 
2-3  times  minute  ventilation. 


Patient 


Fig,  2.  Mapleson  D  system  during  expiration  Fresh  gas 
(FG)  flushes  CO,  and  O,  to  reservoir  bag.  During  inspira- 
tion, fresh  gas  Is  delivered  to  patient  and  contents  of  res- 
ervoir bag  exits  through  pressure-relief  (pop-off)  valve. 
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Table  3.  Nightingale  Estimates  of  Fresh  Gas  Requirements* 


Patient  Weight 


Requirements 


<  30  lb 
30-80  lb 
>801b 


Fresh  gas  =  3  L/min 

Fresh  gas  =  100  niL  ■  niin  ■  lb 
Fresh  gas  =  8  L/min 


'Adapted  from  Reference  1 2. 


W  hcii  a  reservoir  bag  is  added  to  the  circuit, 
pressure  on  the  bag  allows  control  of  ventilation. 
Placement  of  the  fresh-gas  flow  near  the  patient 
and  of  the  pop-off  valve  near  the  bag  (Mapleson  D) 
allows  control  of  ventilation  with  minimal  rebreath- 
ing.  However,  rebreathing  increases  as  fresh-gas 
tlovv  declines  and  ventilation  becomes  inadequate. 
Other  disadvantages  of  these  systems  include  the 
requirement  for  an  experienced  user  and  the  pos- 
sibility of  delivering  excessively  high  intlation 
pressures  tthus  in-line  manometry  is  recommend- 
ed). Advantages  include  the  abilities  to  deliver 
accurate  (1)  Fio:-  (2)  inflation  pressure,  and  (3) 
PEEP,  and  to  allow  the  delivery  of  (4)  accurate 
inspiratory  times.  Rebreathing  may  be  assessed  and 
avoided  through  use  of  an  end-tidal  CO^  monitor. 

Self-Inflating  Systems.  Self-inflating  systems  are 
by  far  the  most  popular  and  simplest  to  use  for 
emergency  resuscitation.'^  Most  neonatal  bags  con- 
tain volumes  of  200-300  mL:  however,  some  prac- 
titioners suggest  slightly  larger  systems  (400-500 
mL)  to  allow  1 -second,  sustained  inflation  pres- 
sures.''* Larger  bags  (greater  than  500  mL)  should 
probably  not  be  used  due  to  their  inaccuracy  when 
delivering  6-7  mL/kg  tidal  volumes.  A  main  advan- 
tage of  the  self-inflating  systems  is  their  utility 
despite  loss  of  fresh-gas  flow.  Certain  bags  may 
allow  delivery  of  flow-by  oxygen.'^ 

Several  difficulties  complicate  use  of  self- 
inflating  bags  for  neonatal  use,  however.  Most  sys- 
tems have  preset  (or  adjustable)  pop-off  valves  that 
allow  a  maximum  pressure  of  35  cm  H2O.  On  occa- 
sion, however,  initial  pressures  of  up  to  40  cm  H^O 
are  necessary  to  adequately  expand  the  newborn 
lung.'^  Much  of  the  bag's  volume  may  empty 
through  the  valve  without  the  operators  being 
alerted  to  the  presence  of  airway  obstruction  or 
noncompliant  lungs.  During  bag-mask  ventilation, 
leaks  around  the  mask  may  be  the  only  pressure 


relief  required.'^  Finally,  placement  of  the  bulky 
reservoir  bag  at  the  airway  in  a  small  Held  impairs 
access  to  the  patient  and  makes  maintaining  a  seal 
more  difficult. 

Due  to  the  anatomic  considerations  described,  an 
oral  airway  is  seldom  necessary  for  neonatal  resus- 
citation. However,  airways  of  appropriate  size 
should  be  available  because  nasal  obstruction  (eg, 
choanal  atresia)  or  other  difficulties  may  present 
themsehes.  Fortunately,  bag-and-mask  ventilation 
frequently  ma_\  be  successful  despite  inadequate 
gas  movement,  as  inflation  pressures  may  stimulate 
the  baby  to  make  her  own  inspiratory  efforts 
(Head's  paradoxical  reflex)."*  One  resuscitation 
system  (the  Samson)  is  designed  to  elicit  this  reflex 
yet  is  inappropriate  (and  perhaps  dangerous)  during 
prolonged  resuscitation.'''  When  the  airway  is  dif- 
ficult to  manage  and  high  inflation  pressures  are 
utilized,  gas  distention  of  the  abdomen  may  be  dis- 
asterous.  The  enlarging  abdomen  impairs  ventila- 
tion via  direct  thoracic  pressure,  limitation  of  dia- 
phragmatic movement,  and  distortion  of  chest 
geometry. 

Volume-controlled  resuscitators  (VCR)  are  cur- 
rently being  evaluated.  In  one  study  with  a  small 
number  of  patients,-"  less  variation  in  peak  inspir- 
atory pressure  and  less  hyperventilation  were 
noted,  with  mean  airway  pressure  consistent  with 
the  standard  resuscitator.  Volume-controlled  resus- 
citation is  an  important  subject  for  future  research. 

Infant  Masks.  Two  types  of  resuscitation  masks 
are  commonly  employed  in  the  delivery  room.  In 
1960,  Rendell-Baker  and  Soucek  designed  a  mask 
to  conform  to  infant  anatomy,  with  \ery  low  dead 
space  and  an  orifice  for  an  adapter  directl>  above 
the  patient's  nose  (Fig.  3).  This  was  the  first  pediat- 


Fig.   3.   Rendell-Baker-Soucek  mask  with  dead  space 
indicated  (— -). 
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ric  mask  fitted  for  a  22-mm  adapter,  which  per- 
mitted attachment  to  standard  (aduh)  breathing  sys- 
tems. Sizes  range  from  0  (premature)  to  4  (age  4-8 
y).  The  primary  disadvantage  of  the  Rendeil- 
Baker-Soucek  inask  is  the  difficulty  encountered  in 
seating  without  substantial  leak.-' 

The  round  mask  in  common  use  seats  more  eas- 
ily and  allows  little  leak,  yet  probably  has  greater 
dead  space  (although  this  has  not  been  adequately 
studied)  (Fig.  4).  As  with  all  masks,  the  proper  size 
must  be  selected.  With  a  mask  that  is  too  small, 
leaks  are  common  and  the  nose  may  not  be  com- 
pletely covered:  when  the  mask  is  too  large,  the 
eyes  may  be  damaged. 


Fig.  4.  Round  mask  with  dead  space  indicated  (-— ). 

Endotracheal  Tubes.  In  \945.  Cole  cemented  a 
3.5-mm-ETT  tip  to  a  5.5-mm  ETT  in  order  to  pre- 
vent endobronchial  intubation  in  small  patients." 
The  site  of  connection,  or  'shoulder,'  of  the  tube 
stopped  at  the  cricoid  with  the  tip  resting  safely 
abo\e  the  carina.  .Although  this  tube  v\as  once  pop- 
ular, it  is  no  longer  recommended  by  the  American 
Academy  of  Pediatrics  or  the  American  Heart 
Association.-'  Disadvantages  of  the  Cole  tube 
include  ( 1 )  diftlculty  in  passing  a  suction  catheter 
to  the  tip.  (2)  difficulty  in  manipulation  and  visual- 
ization during  intubation  (due  to  its  larger  diam- 
eter), and.  most  importantly.  i?>)  higher  incidence 
of  laryngeal  damage  with  chronic  use.-''  Addi- 
tionally, the  Cole  tube  may  provide  a  false  sense  of 
security  and.  thus,  slow  recognition  of  endo- 
bronchial intubation. 

Conventional  ETTs  without  taper  (of  which 
there  are  several  manufacturers  and  construction 
materials)  have  both  centimeter  and  vocal  cord 
markers  (Fig.  5).  Many  are  designed  so  that  place- 
ment of  the  double  lines  at  the  cords  results  in 
proper  tip  positioning.  Additionally,  the  tip  bevel 


allows  smooth  passage  through  the  nares  and  a  side 
hole  allows  ventilation  when  the  tip  is  obstructed  or 
placed  slightly  into  a  main-stem  bronchus. 


Fig.  5.  Endotracheal  tube  with  markings. 

A  number  of  approaches  have  been  used  to  esti- 
mate the  correct  tube  size  for  the  infant.  One  of  the 
more  popular  \\a\s  is  to  use  the  patient  gestational 
age-^  (Tabic  4),  Perhaps  the  easiest  method  for 
detennination  of  the  correct  ETT  size  in  the  deliv- 
ery room  is  to  think  of  small  (2.5  mm),  medium 
(3.0  mm),  and  large  (3.5  mm).  A  premature  infant 
requires  a  2.5-mm  tube  and  a  full-term  a  3.5.  Other 
formulas  have  been  de\eloped  to  estimate  tube 
size.  One  is  the  ID  =  16  -i-  patient  age  in  years/4. -*" 
Others  have  used  height  and  age  to  predict  size-^  or 
body-surface  area  and  size.-^  The  tube  should  be 
large  enough  to  prevent  excessive  leak.  In  up  to  8% 
of  premature  infants,  the  tracheal  diameter  is 
smaller  than  the  cricoid  diameter.-'^  The  average 
distance  from  the  glottis  to  the  carina  in  newborns 
is  5.7  cm,  and  the  distance  from  the  lip  to  the 
proper  position  of  the  tube  tip  is  approximately  7 
cm  at  1  kg.  8  cm  at  2  kg.  and  9  cm  at  3  kg."'  The 

Table  4.  Suggested  Endotracheal  Tube  Size* 


Age 


Internal  Diameterlmml 


Premature  infant 

Newborn 

Newbom-6  months 

6-12  months 

1 2  months-2  years 

3-4  years 

5-6  years 

7-8  years 

9- 10  years 

11-12  years 

1.^-14  years 


2.5-3.0 
3.0 
3.5 
3.5-4.0 
4.0-4.5 
4.5-5.0 
5.0-5.5 
5.5-6.0 
6.0-6.5 
6.5-7.0 
7.0-7.5 


*Adapled  from  Reference  23. 
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average  tube  movement  from  full  flexion  of  the 
head  to  full  extension  is  14-17  mm."  This  move- 
ment should  be  considered  during  x-ray  inteiprc- 
tation  of  tube  placement. 

Recently,  a  new  device,  the  Trach-Mate  (Mc- 
Cormick  Laboratories,  North  Chelmslt)rd  .MA),  has 
been  introduced  to  facilitate  rapid  verification  of 
ETT  positioning.'-  This  device  makes  use  of  a 
magnetically  detectable  ring  embedded  in  the  wall 
of  the  endotracheal  tube,  which  can  be  detected  by 
a  batters -powered  locater  placed  externally  at  the 
sternal  notch.  However,  auscultation  and  chest  x- 
ray  remain  the  standards  of  position  assessment. 

Laryngoscopes.  Like  suction,  short-handled  laryn- 
goscopes w  ith  bright  lights  and  both  Miller  0  and 
Miller  1  blades  must  be  a\ ailable  in  e\ery  deli\ery 
room.  We  prefer  straight  blades  over  curved  blades 
for  approach  to  the  more  cephalad,  anteriorly  situ- 
ated neonatal  lar\nx. 

Airway  Management  in  the  Delivery  Room 

Management  of  the  nev\born  airway  is  the  inost 
critical  element  of  neonatal  resuscitation.  Not 
uncommonly,  establishment  of  airway  patency  and 
delivery  of  several  breaths  is  all  that  is  required  to 
transform  a  dying  infant  into  a  healthy,  \igorous 
one.  As  the  newborn  lungs  are  expanded  and  pul- 
monary vascular  resistance  is  decreased,  the  transi- 
tion from  fetal  to  normal  circulation  is  made.  Fail- 
ure to  make  this  transition  is  incompatible  with  life. 

Guidelines  from  the  American  Heart  Association 
and  the  American  .'Academy  of  Pediatrics-^  rec- 
ommend that  copious  secretions  be  suctioned  from 
the  newborn's  mouth  and  nose  with  a  bulb  syringe. 
This,  in  addition  to  clearing  the  airway,  may  pro- 
side  enough  stimulation  to  induce  the  baby  to 
breathe  effecti\ely. 

Suctioning.  The  mouth  is  always  suctioned  first, 
and  deep  suctioning  should  be  avoided  lest  vagal 
stimulation  produce  bradycardia.  An  exception  to 
this  arises  in  the  case  of  meconium  staining.  Thin, 
w  atery  amniotic  fluid  requires  no  special  treatment. 
Thick,  "pea  soup,"  particulate  meconium  requires 
immediate  suctioning  as  the  head  is  delivered  (ie, 
before  the  first  breath).  The  density  of  meconium 
mandates   the   type   of  suctioning   required:   bulb 


Fig.  6.  Delivery  room  bulb  syringe. 

syringe  (Fig.  6),  DeLee  (Fig.  7),  or  direct  via  the 
endotracheal  tube  (Fig.  8).  In  any  case,  endo- 
tracheal suction  pressure  should  not  exceed  100 
torr. 


Fig.  7.  DeLee  suction  and  its  variations. 

Choanal  Atresia.  Congenital  obstruction  of  one  or 
both  choanae  occurs  in  approximately  1  in  8,000 
!i\e  births.  Obstructions  may  be  bony  or  mem- 
branous in  nature.  As  neonates  are  nearly  obligate 
nose  breathers  until  3-6  months  of  age  under  most 
circumstances,-'''  such  obstructions  are  a  serious 
matter.  Presentation  is  usuallv  that  of  a  cvanotic 
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Fig.  8.  Adapter  for  direct  suctioning  to  endotracheal  tube. 

infant  who  pinkens  with  crying.  The  diagnosis  is 
confirmed  when  it  is  found  that  a  soft  suction  cath- 
eter cannot  be  passed  through  the  nares.  An  oral 
airway  should  be  placed  immediately. 

Meconium  Aspiration  Syndrome.  Meconium  is 
present  \n  the  amniotic  lluid  in  IO-159f  of  all  births 
and  should  alert  the  delivery  team  to  possible  com- 
plications. The  passage  of  meconium  (a  mixture  of 
digested  epithelial  cells,  bile,  and  gastrointestinal 
mucus)  is  generally  regarded  as  abnormal  and  can 
accompany  in-utero  stresses  such  as  hypoxemia.''*''^ 
Meconium  aspirated  into  the  airway  can  act  both  as 
an  irritant  and  an  obstruction.  If  meconium-stained 
fluid  is  observed  upon  rupture  of  membranes,  prep- 
aration must  be  made  to  suction  the  oro-  and 
nasopharynx  as  soon  as  the  head  appears  on  the 
perineum.'^  "'**  When  thick  meconium  is  present, 
the  inlant  should  be  intubated  and  suctioned  at  the 
first  sign  of  airwax  compromise.  Positive  pressure 
ventilation  should  be  avoided  until  the  airway  has 
been  cleared  so  that  particulate  material  is  not 
forced  into  the  distal  airways.'*'' 

Approximately  59c  of  meconium-stained  infants 
go  on  to  develop  meconium  aspiration  syndrome 
(MAS)."  MAS  consists  of  severe,  diffuse  pneu- 
monitis and  typically  includes  varying  degrees  of 
pulmonary  hypertension  with  shunting  and  hypox- 
emia.   Common    complications    include    pneumo- 


thorax, pneumomediastinum,  and.  rarely,  pneu- 
mopericardium (secondary  to  the  high  inllation 
pressures  required  for  ventilation  and  to  air  trap- 
ping with  alveolar  overdistention  distal  to  mecon- 
ium obstruction).  Radiographs  of  the  chest  are  not- 
able tor  the  presence  of  patchy  densities  inter- 
spersed with  radiolucence.'"*  Although  many 
infants  respond  to  conventional  respiratory  support 
and  mechanical  ventilation,  high  frequency  ventila- 
tion^" or  extracorporeal  membrane  oxygenation^' 
(ECMO)  is  sometimes  necessary  for  rescue. 

Congenital   Diaphragmatic  Hernia  (CDH).   In- 

utero  herniation  of  abdominal  contents  via  defects 
in  the  right  or  left  O07c)  hemidiaphragms  occurs  in 
approximately  1  in  4.000  live  births.'*-  Such  hernia- 
tion is  accompanied  by  severe  pulmonar\  hypo- 
plasia ipsilateralK  and  variable  degrees  of  hypo- 
plasia contralaterally.  Pulmonary  hypoplasia  is 
frequenth'  compounded  by  severe  pulmonary 
hypertension  with  shunting  that  presents  shortly 
after  birth.  Frequently,  severe  decompensation 
occurs  after  a  period  of  initial  stability  (the  "hon- 
eymoon" period). 

Diagnosis  is  suggested  in  the  deliverx  room  by 
respiratory  distress  and  a  scaphoid  abdomen.  Aus- 
cultation reveals  absent  breath  sounds  on  the  side 
of  the  defect  and.  perhaps,  displacement  of  the 
heart  tones.  Diagnosis  is  confirmed  b\  a  chest  x- 
ray  demonstrating  abdominal  organs  in  the  thorax 
and,  often,  a  mediastinal  shift.  When  CDH  is  sus- 
pected, bag-mask  ventilation  should  cease  immedi- 
ately and  the  infant  should  be  intubated.  Mask  ven- 
tilation will  lead  to  gastric  distention  with  air  and 
further  impingement  upon  thoracic  organs.  For 
similar  reasons,  the  stomach  should  be  decom- 
pressed with  a  gastric  tube.  A  frequent  complica- 
tion of  respiratory  support  in  these  patients,  who 
typicallv  require  high  inflation  pressures,  is  contra- 
lateral iinciimothorax.  When  this  occurs,  the  results 
are  rapid  and  disastrous  for  obvious  reasons. 
Because  of  this  risk,  many  practitioners  w  ill  place 
chest  tubes  prophylactically  in  patients  before 
transport  to  referral  centers  for  definitive  manage- 
ment. 

The  cause  o\'  CDH  is  still  unknown.  One  pos- 
sibility^is  that  the  defect  in  the  diaphragm  causes 
compression  of  the  lung  resulting  in  hypoplasia."''' 
Another  belief  is  that  the  lung  hypoplasia  comes 
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first  and  leads  to  incomplete  development  of  the 
diaphragm/"*  Most  agree  that  the  embryologic 
insult  occurs  during  the  eighth  week  of  gestation, 
causing  failure  of  closure  of  the  pleuroperitoneal 
canal,  most  commonly  at  the  foramen  of  Boch- 
dalek. 

The  survi\al  rate  remains  approximately  509^  if 
the  infant  is  symptomatic  within  the  first  6  hours  of 
life.'*''^''  Predictors  for  mortality  have  been  pro- 
posed utilizing  pH.  Paco:.  P(A-a)0:.'*'""'''  pulmonary 
angiography,""  Paco:  versus  ventilation  index  (VI) 
(ventilation  rate  x  mean  airway  pressure)."'"  and 
best  postductal  Po;.'"  All  of  these  have  been  crit- 
icized during  the  ECMO  era.  A  recently  described 
predictor  of  poor  outcome  is  the  oxygenation  ven- 
tilation index,  or  OVI  (Po:  divided  by  the  ventila- 
tion index,  VI).''- 

Subsequent  management  is  directed  by  the 
severity  of  pulmonary  disease.  Mildly  affected  neo- 
nates may  undergo  surgical  repair  after  a  brief 
period  of  observation  and  may  tolerate  the  pro- 
cedure well."  Patients  with  severe  disease  may  be 
difficult  or  impossible  to  stabilize  with  conven- 
tional treatment.  In  our  institution,  these  infants  are 
offered  ECMO  for  rescue.  Surgical  repair  may  then 
take  place  later — on  or  after  separation.  It  is  hoped 
that  new  approaches  such  as  antenatal  inter- 
vention,""* ECMO,  lung  transplantation,  and  de- 
layed surgery  will  increase  the  survival  rate  in  this 
group. 

Surfactant  Administration.  In  premature  infants 
with  early  distress  syndrome,  surfactant  may  be 
given  in  the  delivery  room.  In  one  study,''''  two  con- 
trolled trials  were  conducted. 

1.  Prophylactic  trial:  5  mL/kg  of  surfactant  through 
the  ETT  at  birth  to  neonates  weighing  7()(}- 1 ,350  g. 

2.  Rescue  trial:  5  mL/kg  given  4  to  24  hours  after 
birth  to  neonates  greater  than  650  g  with  a  diag- 
nosis of  hyaline  membrane  disease  who  required 
ventilatory  support. 

Both  trials  decreased  F102  ^nd  mean  airway  pres- 
sure requirements.  In  the  prophylactic  trial,  30%  of 
the  infants  who  received  surfactant  probably  did 
not  need  it.  In  our  institution,  because  of  this  and 
the  success  of  the  rescue  trial,  we  seldom  use  sur- 
factant in  the  deliverv  room. 


Pediatric  Airway  Management 

As  tiic  cinld  grows  to  adulthood,  differences  in 
airway  anatomy  gradually  disappear.  The  epi- 
glottis, for  example,  descends  from  its  contact  with 
the  soft  palate  in  the  newborn  period  to  its  adult 
level  (at  approximately  C3,  the  third  cervical  ver- 
tebra) by  the  fourth  year  of  life.  .Similarly,  the  glot- 
tis has  reached  the  C4-5  le\ei  by  this  time.^''  The 
cricoid  cartilage  grows  to  a  diameter  greater  than 
the  glottic  opening  during  the  early  school  years 
and  descends  to  adult  levels  later  after  pubertal 
elongation  of  laryngeal  structures.  However,  during 
the  pre-  and  early  school  years,  the  child  remains 
vulnerable  to  airway  compromise  and  apparently 
simple  respiratory  illnesses  may  rapidly  evolve  into 
life-threatening  crises.  The  clinician  must  be  famil- 
iar with  pediatric  equipment  and  pathology  to  pro- 
vide the  prompt  response  required  in  such  emer- 
gencies. 

Pediatric  Equipment 

As  sizes  and  anatomic  relationships  in  the  air- 
way change,  appropriately  sized  and  designed 
equipment  must  be  employed.  It  is  prudent  to  use 
age  and/or  weight  in  kilograms  to  estimate  the  size 
of  equipment  necessary  and  then  set  out  equipment 
of  that  size  and  a  size  smaller  and  one  larger.  This 
takes  into  account  individual  variations  and  pre- 
pares the  clinician  for  the  unexpected. 

Endotracheal  Tubes.  A  variety  of  systems  have 
been  developed  for  estimating  the  appropriate  ETT 
size.  In  younger  children,  as  in  infants,  the  general 
goal  is  to  insert  a  tube  that  passes  through  the  glot- 
tis atraumatically  and  results  in  an  appropriate  seal 
(<  20-25  cm  H2O)  at  the  cricoid  ring.  In  older  chil- 
dren (usually  age  >  8  years),  a  cuffed  endotracheal 
tube  is  permissable  with  the  seal  provided  by  gentle 
infiation.  Although  the  seasoned  practitioner  may 
accurately  select  ETT  size  through  "eyeball  and 
experience"  or  by  approximation  of  the  size  of  the 
child's  fifth  finger,  a  variety  of  formulas  for  tube 
selection  have  been  suggested.  In  our  institution, 
the  most  popular  of  these  has  been  (age  in  years  + 
18)/4." 

Appropriate  insertion  distance  has  also  been  the 
subject  of  estimation  fomiulas.  Although  there  is 
no     substitute     for    direct     visualization     (radio- 
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graphically  or  via  laryngoscopy),  occasionally  this 
is  impractical.  When  position  is  critical,  some  prac- 
titioners manipulate  the  tube  to  intentionally  pro- 
duce an  endobronchial  intubation  and  then  aus- 
cultate carefully  as  the  tube  is  slowly  withdrawn. 
Proper  position  is  then  taken  to  be  1-2  cm  beyond 
the  point  at  which  breath  sounds  return.  The  taping 
position  of  oral  tubes  may  be  rapidly  estimated 
(with  \ariable  accuracy)  through  formulas  such  as: 
3  X  tube  ID:  age  in  years/2  +  12:"'^  and  weight  in 
kg/5  -t-  12.'^  Finally,  when  frequent  head  reposi- 
tioning is  anticipated,  auscultation  should  be  per- 
formed in  neck  flexion  and  extension.  Flexion 
shortens  the  mouth-to-carina  distance,  thus  dis- 
placing the  ETT  tip  downward  and  increasing  the 
danger  of  endobronchial  intubation.  Conversely, 
extension  increases  this  distance,  promoting  inad- 
vertent extubation. 

Occasionally,  airway  pathology  substantially 
limits  the  allowable  tube  diameter.  In  such  cases, 
smaller  than  usual  tubes  should  be  readily  available 
in  a  wide  variety  of  sizes.  Additionally,  the  need 
for  extra-long  tubes  should  be  anticipated  should 
standard  smaller  diameter  tubes  be  too  short. 


Macintosh  introduced  what  is  now  the  most  used 
curved  blade  in  1941."'  It  is  designed  so  that  the  tip 
may  be  placed  into  the  vallecula,  the  blade  lifted, 
and  the  epiglottis  indirectly  raised  to  reveal  the 
cords.  The  wide  llange  and  broad  spatula  facilitate 
displacement  of  the  tongue.  In  most  patients,  this 
large  blade  provides  increased  visibility  and  room 
to  maneuver,  yet  in  very  small  patients  it  may  be 
too  bulky  and  obstructive.  Like  Miller  blades.  Mac- 
intosh blades  range  in  size  from  0  (newborn)  to  4 
(large  adult).  Most  children  may  be  intubated  using 
a  Size  2  blade  and  adults  a  Size  3. 

A  variety  of  other  laryngoscopes  may  be 
employed  in  unusual  circumstances.  The  Oxyscope 
(a  straight-blade  with  a  port  incorporated  for  con- 
tinuous insufflation  of  oxygen)  has  been  advocated 
to  prexent  hypoxemia.*'  A  33^^^  decrease  in  PaO: 
during  intubation  has  been  reported  without  supple- 
mental oxygen,  with  only  a  79c  decrease  with  sup- 
plemental oxygen."  A  pediatric  version  of  the  Bul- 
lard  laryngoscope  pro\ides  an  indirect  \iew  of 
laryngeal  structures  via  mirrors  and  fiberoptics.*'''  It 
has  been  suggested  for  use  in  cases  of  severe 
micrognathia,  macroglossia.  and  other  disorders. 


Laryngoscopes.  In  young  children,  straight-blade 
larvngoscopes  are  generally  preferred,  yet  curved 
blades  of  appropriate  size  are  available  as  well. 
Addition  of  curvature  to  the  body  of  a  blade  can 
make  visualization  of  an  anteriorly  situated  glottis 
signficantly  more  difficult.  The  broad  blade  and 
flange,  however,  can  be  quite  helpful  in  tongue  dis- 
placement and  actually  improves  visibility  in  some 
patients. 

The  most  popular  straight  blades  are  the  Miller, 
Wisconsin,  and  Wis-Hipple  varieties.  Dr  Robert  A 
Miller  of  San  Antonio,  Texas,  designed  his 
straight-blade  variation  with  a  reduced  flange  size 
to  minimize  trauma  and  a  curved  tip  to  improve 
lifting  of  the  epiglottis.''"  Miller-type  blades  range 
in  size  from  0  (for  prematures)  to  4  (for  large 
adults).  Size  2  is  appropriate  for  children  of 
approximately  6-12  years.  The  Wisconsin  blade 
features  a  flattened  tip  and  a  larger  flange  that  wid- 
ens further  in  the  distal  portions.  The  Wis-Hipple 
blade,  a  nK)ditication  of  the  Wisconsin  blade  for 
use  in  infants,  employs  a  circular  flange  in  addition 
to  the  straight  spatula.  The  Wis-Hipple  1.5  is  often 
useful  in  children  2  to  6  years  old. 


Resuscitation  Equipment.  Nondisposable  adult 
resuscitation  bags  have  been  studied  over  the 
years.*'^ ''*^  Manufacturers  reduce  the  size  (volume) 
of  the  adult  bags  to  meet  the  needs  of  the  pediatric 
patient,  but  the  valving  system  remains  the  same. 
Pediatric  disposable  resuscitation  bags  more 
recently  have  been  evaluated.*'^""  Barnes  and 
McGarry^"  found  that  the  four  pediatric  disposable 
resuscitation  bags  tested  failed  to  meet  all  aspects 
of  Standard  F-920-85  of  the  American  Society  for 
Testing  and  Materials.^'  Emergenc\  Care  Research 
Institute  (ECRI)''''  found  four  pediatric  resuscitation 
bags  acceptable,  but  two  did  not  ha\e  a  pop-off 
valve.  Respiratory  care  practitioners  should  be 
aware  of  the  ASTM  F-920-83  standard  ami  the  per- 
formance of  the  resuscitaticMi  hag  the\  are  currenlls 
using. 

Pediatric  .Virway  Emergencies 

Acute  airway  compromise  in  pediatric  patients 
arises  most  coninionl>  either  from  infectious  swell- 
ing of  air\\a\  slruelures  or  inad\ertenl  aspiration  of 
a  foreign  bod>.  In  his  interesting  historical  review. 
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Stool  notes  that  prior  to  1900.  the  teim  "croup"  was 
equated  with  laryngeal  diphtheria.  -  Technical 
complications  of  pediatric  trache(.)stoniy  pre\ented 
adequate  treatment  of  diphtherial  airway  obstruc- 
tion until  the  work  of  O'Dwyer  in  the  late  1800s. 
0"Dv\yer.  a  New  York  physician,  de\  eloped  an 
intubation  system  consisting  of  stainless  steel  tubes 
and  an  introducer  device.  A  team  was  required  for 
restraint  of  the  child,  yet  intubation  eventually  led 
to  relief  and  survival.  As  surgical  technique 
improved,  controversy  developed  regarding  trach- 
eostomy versus  intubation  (the  steel  tubes  being 
responsible  for  cases  of  se\ere  tracheal  and  laryn- 
geal damage).  Fortunately,  diphtheria  immuniza- 
tion lessened  the  need  to  resoh  e  the  dispute. 

Laryngotracheobronchitis.  Todaj,  the  term  croup 
is  typically  applied  to  \iral  laryngotracheo- 
bronchitis. Parainfluenza  Type  2,  respiratory  syn- 
cytial \irus,  adenovims,  or  other  upper-respiratory 
pathogens  are  probably  responsible  yet  rarely  iden- 
tified.^''-^^  The  presentation  is  typically  that  of  bark- 
ing cough  progressing  to  stridor  in  a  young  child  (6 
months  to  2  years)  in  the  setting  of  an  otherwise 
benign  upper-respiratory  illness.'''^*'  Varying  de- 
grees of  respiratory  distress  may  be  present  (includ- 
ing respiratory  fatigue  with  failure)  as  well  as  low- 
grade  fe\er.  A  Spring-Fall  seasonal  predomi- 
nance has  been  observed. 

Pathologic  airway  changes  include  inflammation 
and  edema  of  the  laryngeal,  tracheal,  and  bronchial 
mucosa.  Circumferential  edema  results  in  sub- 
stantial reductions  in  airway  cross-sectional  area, 
with  an  increase  in  turbulent  flow  and  resistance. 
Radiographic  findings  classically  include  a  normal 
epiglottis  (on  lateral  view)  and,  on  posteroanterior 
films,  subglottic  narrowing  (the  so-called  steeple 
sign).™ 

In  most  cases,  croup  resolves  with  conservative 
therapy:  humidification  of  inspired  gases,  supple- 
mental oxygen,  and  systemic  hydration. ^^■^•^''  In 
more  severe  cases,  aerosolized  racemic  epinephrine 
is  necessary  to  decrease  edema  and  improve  air- 
flow. These  patients  require  hospital  admission 
should  more  se\  ere  airway  compromise  occur  once 
the  medication's  effects  have  dissipated.  Occa- 
sionally, severe  cases  (1%)  require  endotracheal 
intubation  to  stent  the  airway  until  edema  abates. 
When  intubation  is  required,  it  should  be  attempted 


in  a  controlled  setting  by  experienced  personnel.^^ 
An  ETT  one  size  smaller  than  estimated  by  conven- 
tional methods  should  be  used. 

Postintubation  care  should  include  adequate 
sedation  (to  avoid  tube  motion  and  additional  trau- 
matic edema)  and  respiratory  support.  Mechanical 
ventilation  is  occasionally  necessary  in  heavily 
sedated  or  debilitated  patients;  however,  our  expe- 
rience has  been  that  the  majority  do  well  in  mist 
tents.  If  mechanical  ventilation  is  not  required, 
attachments  to  the  ETT  (such  as  T-pieces  and 
CPAP  devices)  are  best  avoided  as  they  are 
inclined  to  put  tension  upon  (and  move)  the  ETT. 
Patients  with  croup  can  usually  be  extubated  within 
48-72  hours.  In  our  unit,  we  find  that  extubation 
may  be  safely  performed  when  an  audible  air  leak 
is  present  around  the  ETT  at  20-30  cm  H2O  (as 
measured  by  in-line  manometry  during  manual 
chest  inflation). 

Over  the  years,  steroid  treatment  for  croup  has 
waxed  and  waned  in  popularity.  Although  still  con- 
troversial, there  is  increasing  evidence  that  admin- 
istration of  steroids  may  diminish  both  the  duration 
and  severity  of  croup  episodes. '*"'^-  Dexamethasone 
0.6-1  mg/kg  has  been  recommended.'*' 

Epiglottitis.  Epiglottitis  is  a  rapidly  progressive, 
life-threatening,  bacterial  infection  of  supraglottic 
structures.  In  contrast  to  croup,  it  is  always  a  true 
medical  emergency  requiring  intubation.^''**'*  Car- 
dinal features  include  sore  throat,  dysphagia,  drool- 
ing, muffled  voice,  respiratoi-y  distress  in  an  anx- 
ious, toxic-appearing  child. ^-^  Haemophilus  influ- 
enzae Type  B  is  the  organism  responsible  in  nearly 
all  cases  and  may  be  readily  cultured  from  the 
blood.''-'*''^''  Winter-Spring  seasonal  predominance 
has  been  seen,  and  all  age  groups  ha\e  been 
affected.  One  series  reported  249c  of  ca.ses  under 
age  2,  209c  over  age  4,  and  559c  between  2  and  4.^^ 
When  epiglottitis  is  suspected,  an  anesthe- 
siologist and  otolaryngologist  should  be  summoned 
immediately.  Care  should  be  taken  to  avoid  dis- 
turbing the  child,  and  supplemental  oxygen  should 
be  provided.  If  the  diagnosis  is  uncertain  and  x-ray 
confirmation  is  required,  the  child  should  be 
accompanied  to  the  radiology  suite  by  both  phy- 
sicians with  equipment  necessary  for  intubation 
and  tracheostomy.  Confirmatory  radiographic  find- 
incs  on  lateral  neck  tTlms  include  thickenins  or 
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smudging  of  the  epiglottic  shadow  ("thumb 
sign"),^**  obliteration  of  the  vallecula  and  pyriform 
sinuses,  and  dilation  of  the  hypopharynx.  Care 
must  be  taken  to  assure  a  true  lateral  tllm  (locating 
the  hyoid  bone  or  auditory  canal  can  confirm  this), 
in  our  institution,  once  the  diagnosis  is  made,  the 
patient  is  transported  (accompanied  by  a  parent)  to 
the  operating  room  where  anesthesia  is  cautiously 
induced  by  inhalation.  Once  anesthetized  and  with 
spontaneous  respiration  maintained,  the  patient  is 
intubated.  Swab  cultures  of  the  supraglottic  regions 
are  then  sent  and  antibiotics  begun.  Further  man- 
agement is  similar  to  that  of  croup. 

Extubation  is  usually  possible  36-(i0  hours  after 
initiation  of  antibiotics.*"'  Unlike  croup,  air  leaks  in 
a  patient  with  epiglottitis  may  be  misleading. 
Although  air  may  leak  upwards  with  positive  pres- 
sure, negative  pressure  during  normal  respiration 
may  still  cause  an  inflammed  and  enlarged  epi- 
glottis to  collapse  and  obstruct  the  airway.  When 
uncertainty  exists,  direct  visualization  prior  to  e.xtu- 
bation  can  exclude  the  presence  of  residual  swell- 
ing. 

Airway  Obstruction  in  Pediatric  Patients 

Partial  or  total  airway  obstruction  may  occur  in  a 
variety  of  forms  in  pediatric  patients  and  is  respon- 
sible for  significant  morbidity  and  mortality.  As 
discus.sed.  the  young  child  is  predisposed  to  res- 
piratory compromise.  Additionally,  small  children 
are  prone  to  oral  indiscriminations  resulting  in  for- 
eign-body aspiration.  Respiratory  dysfunction  is  a 
primary  and  common  cause  of  cardiac  arrest  in 
children.'*^ 

.Signs  and  symptoms  of  obstruction  include  nasal 
fiaring.  retractions,  tachypnea,  stridor,  wheezing, 
rhonchi.  and  prolonged  inspirator)  or  expiratory 
phases.  Generally,  normal  breathing  is  inaudible 
and  thus  concern  is  raised  w  hen  noises  appear. 

Nasal  Obstruction.  At  the  nasal  level,  obstruction 
most  commonl\  occurs  secondary  to  inflammation 
of  mucous  membranes  due  to  viral  upper-respir- 
atory infections.  As  noted  above,  this  is  trivial  in 
adults  and  older  children  yet  can  be  a  serious  prob- 
lem in  the  infant.  Sinusitis  may  produce  thick,  copi- 
ous secretions  that  may  afso  block  the  airway. 
Other  common  causes  of  obstruction  at  this  level 
include   adenoidal   hypertrophy,   septal   de\iation. 


polyps,  and.  rarely,  neoplasm.  Often,  snoring  is  the 
sound  first  associated  with  obstruction  at  this 
level."'  Obstruction  may  also  occur  at  the  oropha- 
ryngeal level.  While  tonsillar  hypertrophy  (some- 
times leading  to  sleep  apnea,  CO;  retention,  and 
cor  pulmonale)  is  probably  the  most  common 
obstruction  here,  macroglossia,  micrognathia,  ret- 
ropharyngeal abscesses,  and  cysts  may  also  be 
present.  Often  a  snore  or  gurgling  respirator.' 
sounds  are  associated. 

Larynj»eal  Obstruction.  Laryngeal  obstructions 
are  also  common.^  Lar} ngomalacia,  cysts,  webs, 
and  stenoses  may  be  congenital  or  the  result  of  pro- 
longed intubation.  Vocal-cord  paralysis  (or  dys- 
function), vesicular  malformations,  granulomas, 
papillomas,  and  neoplasms  also  occur.  Infection 
and  foreign  bodies  are  very  common,  as  discussed 
below.  Obstruction  around  the  glottis  results  in  stri- 
dor and  hoarseness.  Supraglottic  lesions  produce 
muftling.  Tracheal  obstructions  may  form  (includ- 
ing stenoses,  vascular  rings  and  slings,  malacia. 
cysts,  webs,  and  hemangiomas).  When  tracheal 
compression  is  extrinsic  and  associated  with  esoph- 
ageal compression,  feeding  difficulties  may  be 
present.  Fixed  obstruction  may  produce  both  inspir- 
atory and  expiratory  (biphasic)  stridor.  Extratho- 
racic  variable  obstruction  produces  primarily  in- 
spirators stridor,  and  intrathoracic  \  ariable  obstruc- 
tion produces  primaril_\  expiratory  stridor.  The 
most  common  intrathoracic  airway  obstruction 
(and.  indeed,  the  most  common  chronic  illness)  in 
childhood  is  asthma.  Small-airway  obstruction 
becomes  manifest  as  inspiratory  and  expiratorv' 
wheezing,  with  the  expiratorv'  component  greater. 

Foreign-Body  .\spiration.  Airway  obstruction  due 
to  aspiration  of  foreign  bodies  is  most  common  in 
patients  less  than  6  years  of  age  and  is  responsible 
for  over  3.000  deaths  annually  in  the  U.S.  The 
majority  (85%)  of  these  occur  in  patients  under  3 
years,  making  it  the  most  common  cause  of  death 
in  this  age  group.  A  review  of  childhood  asphyxia- 
tion (0-9  years)  in  the  United  States  during  a  3-year 
period  revealed  607f  male  predominance.  94% 
under  .'>  years  of  age.  and  61%  under  1  year  of 
age.'*'*  Although  nuts.  pins,  coins,  and  pebbles  are 
the  conventionally  described  aspirate.''  hot  dogs 
ha\e  probably  become  more  conmion.  In  younger 
children,  balloons  may  be  particulariy  hazardous. 
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In  some  series,  the  right  lung  is  more  likely  to  be 
affected  than  the  left,  yet  in  others  (particularly  in 
the  youngest  children)  rates  are  equal/"""  In  75% 
of  the  cases,  the  object  lodges  in  the  main-stem  or 
lobar  bronchus,  and  in  2()'^(  the  object  lodges  in  the 
upper  air\va\'.  Mechanisms  of  airway  obstruction 
include  (1)  the  check-valve  obstruction  (air  is 
inhaled  but  only  partially  exhaled,  resulting  in 
overinflation).  (2)  the  stop-\al\e  obstruction  (air 
cannot  enter,  resulting  in  atelectasis).  (3)  the  ball- 
valve  obstruction  (foreign  bod\  dislodges  during 
expiration  and  reimplants  during  inspiration),  and 
(4)  the  bypass-valve  obstruction  (the  lumen  is  only 
partially  obstructed,  resulting  in  decreased  aeration 
and  opacity).'^' 

Signs  of  foreign-body  aspiration  may  be  subtle 
and  include  only  coughing  or  wheezing  of  a 
chronic  nature  rather  than  the  dramatic  choking, 
dyspnea,  and  cyanosis  more  commonly  recognized. 
Physical  findings  include  decreased  air  entry  or 
wheezing  (the  latter  often  bilateral),  tachypnea, 
rales,  and,  in  about  one  third  of  patients,  fever. 
Radiographically,  the  object  may  be  visible  or  infil- 
trates may  be  seen  (with  or  without  emphysema), 
yet  often  the  tllms  are  nomial.  Other  radiographic 
findings  present  less  frequently  include  pneumo- 
thorax, pneumonia,  and  bronchiectasis.  Appropri- 
ate radiographic  evaluation  ma\  include  inspiratory 
and  expiratory  films  or  lateral  decubitus  films; 
however,  in  our  experience  fiuoroscop)  is  more 
reliable. 

In  addition  to  asphyxia,  complications  seen  with 
foreign-body  aspiration  include  pneumonia,  pul- 
monary edema,  atelectasis,  bronchitis  and  bron- 
chiectasis, pulmonary  abscess,  bronchopulmonary 
fistula,  and  bronchospasm. 

The  treatment  of  foreign-body  aspiration  usually 
requires  rigid  bronchoscop\  in  the  operating  room 
under  general  anesthesia.  In  an  emergency,  out-of- 
hospital  treatment  includes  back  blows/chest 
thrusts  on  infants  and  the  Heimlich  maneuver  on 
children.  A  more  detailed  description  is  available  in 
the    Pediatric    Advanced    Life    Support    (PALS) 
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Securing  the  .Artificial  Airway 

The  unexpected  loss  of  an  artificial  airway  in  an 
infant  or  child  mav.  at  best,  end  in  a  successful 


extubation  or,  at  worst,  result  in  accidental  death. 
Accidental  extubation  (.AE)  has  been  associated 
with  an  increased  risk  for  subglottic  stenosis"'  and 
The    incidence    of   AE    has    been 
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reported  to  be  anywhere  from  1%  to  46% 
neonates  and  children.  Most  authors  fail  to  specif- 
icall)  define  AE;  however,  common  to  all  studies 
is  the  unexpected  loss  of  an  ETT.  whether  this  be 
complete  displacement  or  more  subtle  displace- 
ment as  e\  idenced  by  sudden  increased  phonation. 
No  distinct  advantage  of  nasal  over  oral  intubation 
has  been  demonstrated  with  respect  to  AE:  how- 
ever, at  least  one  author  feels  the  nasal  route  may 
provide  greater  stability."' 

Numerous  factors  have  been  implicated  in  con- 
tributing to  AE.  Use  of  restraints,  taping  methods. 

Table  5.     Taping  Methods  for  Securing  Endotracheal  Tubes* 


Author 


Securing  Method 


Benjamin  et  al'"" 

Brown*** 

Budd'"- 

Wood  &  Sherman"" 

Nugent  etal'"' 

Kerr"" 

Molho  &  Lieberman"'-^ 

Nieve.s'"* 

Richards"" 

Robson  &  Tompkins""* 

Schuller&Birck'*» 
Striker  et  a!'''' 
Valley  &Nortleet'"' 


White  cloth  adhesive  tape 

Cloth/elastic/pink  tape 

Logan  Bow  and  adhesive  tape 

Adhesive  tape 

Elastic/pink  tape  and  sutures 
through  ETT 

Facial/ETT  strap 

Modified  latex  nasopharyngeal  air- 
way, cotton  strings,  and  suture 

Safety  pin  or  umbilical  clamp  or 
tape 

Double-stick  disk  and  adhesive  tape 

Vapor-permeable  dressing,  silk/ 
stretch  tape 

Logan  Bow  and  tape 

ETT  wall  sutures  and  tape 

Wire  stabilizing  device,  headstrap. 
and  tape 


Rivera  &  Tibbails' ' '  Knotted  string,  tape,  and  elastoplast 

*Adapted.  with  permission,  from  Reference  111. 
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use  of  sedation,  chest  physiotherapy,  suctioning 
procedures,  and  length  and  si/c  of  ETT  are  some  of 
the  variables  cited  in  the  incidence  of  AE.''^  Assess- 
ing the  intluence  of  each  of  these  variables  is  a 
nearly  impossible  task  because  much  of  the  lit- 
erature on  AE  has  focused  on  reporting  incidence 
rather  than  indi\  idual  causes.  In  a  stud\'  by  Scott  el 
al,"**  four  \ariables  were  found  to  be  predictive  of 
accidental  extubation:  younger  age.  many  secre- 
tions, ETT  slippage,  and  higher  level  of  conscious- 
ness. Brown'*'*  has  found  a  specific  taping  method 
to  be  important  in  minimizing  accidental  extuba- 
tions;  yet  even  with  the  preferred  method  and  head 
restraint,  the  incidence  of  AE  was  23*^^  in  their 
report.  The  diversity  among  ETT  stabilization 
methods  is  shown  in  Table  5.9'»-98.>oo-ni  Several 
types  of  tape  and  various  specialized  headstraps 
and  sutures  are  some  of  the  materials  used  by  cli- 
nicians to  .secure  ETTs.  In  our  institution,  the  pre- 
viously reported  AE  incidence  has  been  a  relatively 
low  Yk  w  ith  the  use  of  white  cloth  adhesive  tape  in 
a  Y  configuration.'""  The  variety  of  taping  methods 
used  reflects  the  challenge  that  securing  an  infant 
or  child's  ETT  can  be.  The  importance  of  a  stable, 
secure  artificial  airway  is  obvious,  and  the  perfect 
taping  method  is  not. 

In  Conclusion 

The  anatomy,  physiology,  equipment,  and  strat- 
egies of  pediatric  airway  emergencies  differ  greatly 
from  those  of  the  adult.  There  are  no  standards  for 
training  in  the  deli\ery  room.  We  recommend  that 
persons  gain  experience  in  a  Level-lII  nursery 
before  assuming  responsibility  for  resuscitation  in 
the  delivery  room.  Pediatric  Advanced  Life  Sup- 
port and  Neonatal  Advanced  Life  Support  courses 
are  definitely  helpful,  but  experience  is  necessary. 
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Thompson  Discussion 

Jefts:  When  you  are  doing  oral  suc- 
tion for  meconium,  do  you  go  ahead 
and  intubate  and  suction  as  well 
then.' 

Thompson:  Oral  suctioning  with  the 
bulb  syringe?  The  impoilant  thing  is 
not  to  go  past  the  tongue  because 
you'll  get  a  vagal  stimulation  and 
bradycardia:  so.  that  is  really  just  for 
the  external  nares  and  the  oral  cavity. 
For  anything  deeper  than  that  we  use 
the  DeLee  suction. 

Jeffs:  But.  is  it  your  protocol  that 
once  you  see  signs  of  meconium  that 
you  automatically  intubate  them  to 
check? 

Thompson:  No.  actually  it  depends 
on  what  comes  out  in  the  amniotic 
fluid  after  the  membranes  are  broken. 
If  it's  just  meconium  stained,  then  as 
soon  as  the  head  is  delivered  we  use 
a  bulb  syringe  and  look  to  see  if  it's 
watery.  If  it's  watery,  we  don't  do 
anything  more.  We  treat  the  infant 
like  a  normal  newborn.  If  there's  any 
particulate  meconium,  then  as  soon 
as  the  head  is  delivered,  we  deep  suc- 
tion. When  the  baby's  delivered  then 
it  depends,  but  usually  we  intubate. 
Jeffs:  My  second  question  has  to  do 


with  surfactant  use.  When  surfactant 
administration  was  first  being  stud- 
ied, they  advocated  that  you  shoot 
the  surfactant  down  before  you  give 
a  breath  to  the  baby — ^just  'tube  'em' 
and  shoot  it.  But  you're  saying  to 
wait  2  hours? 

Thompson:  I'm  saying  that  under 
that  protocol,  approximately  30%  of 
the  patients  received  a  dose  of  sur- 
factant that  they  really  didn't  need  in 
comparison  to  control  groups.  Both 
prophylactic  and  rescue  groups  end- 
ed up  with  a  decrease  in  ventilatory 
support  requirements  and  a  decrease 
in  FiO:  requirements.'  Because  both 
protocols  worked  equally  well,  to 
avoid  giving  surfactant  to  the  30% 
who  really  don't  need  it.  we  very  sel- 
dom have  it  ready  in  the  delivery 
room. 

1.  Phibbs  RH,  Ballard  RA,  Clements  JA. 
Heilbron  DC.  Phibbs  CS.  Schlueter 
MA.  et  al.  Initial  clinical  trial  of 
EXOSURF.  a  protein-free  synthetic 
surfactant,  for  the  prophylaxis  and 
early  treatment  of  hyaline  membrane 
disease.  Pediatrics  199 1:88(1):  1-9. 


Jeffs: 

low? 


What  is  the  protocol  you  fol- 


Thompson:  Just  the  rescue  proto- 
col.' Once  patients  are  observed  to 
be  having  trouble  with  respirations, 
they  are  intubated  and  given  sur- 
factant at  fi  niL/kg.  Then  they're  eli- 
gible 12  hours  after  that  to  get  a  sec- 
ond dose.  That's  under  the  rescue 
protocol. 

1.  Phibbs  RH.  Ballard  RA,  Clements  JA. 
Heilbron  DC.  Phibbs  CS.  Schlueter 
MA.  et  al.  Initial  clinical  trial  of 
EXOSURF.  a  protein-free  synthetic 
surfactant,  for  the  prophylaxis  and 
early  treatment  of  hyaline  membrane 
disease.  Pediatrics  1991:88(1):  1-9. 

Reines:  Who  does  your  intuba- 
tions— pediatric  and  neonatal — the 
respiratory  care  practitioner  or  the 
physician?  And  a  totally  unrelated 
question:  Who  in  your  unit  gets 
'trached''  When?  And  if  you  don't 
trach  them,  what's  your  incidence  of 
problems? 

Thompson:  Who  does  intubations? 
It's  physicians  in  our  institution. 
We're  just  like  Bob's  (Kacmarek) 
institution.  We  have  a  million  people 
around,  a  million  physicians  to  train. 
It's  the  physicians  who  intubate.  In 
the    delivery    room,    depending    on 
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what's  going  on.  we  get  called  in  to 
do  the  resuscitation,  not  necessarily 
the  intubation.  If  we  know  that  the 
pH  of  the  scalp  blood  sample  was 
bad,  and  that  we're  getting  a  sick 
baby,  then  the  therapist  will  do  bag- 
mask  \entilation.  About  tracheos- 
tomies— we  go  months  and  months 
and  months  with  intubation  and  with- 
out traching  patients.  We  irach 
patients  mainly  because  we  knovs 
that  they're  going  to  need  positive 
pressure  ventilation  for  long  periods 
of  time  (home  ventilation)  or  be- 
cause of  some  anatomic  problem  or 
need  for  laser  therapy.  A  lot  of 
patients  who  get  laser  therapy  are 
sent  home  with  metal  trachs  for  a 
long  period  of  time. 
Barnes:  I  have  a  question  about  intu- 
bation during  newborn  resuscitation. 
In  one  series  of  10  resuscitations  at 
birth  reported  by  Milner  et  al.'  none 
of  the  infants  ventilated  with  a  Laer- 
dal  self-intlating  bag-valve-mask 
rcsuscitator  could  be  adequately  ven- 
tilated, assuming  that  to  be  a  tidal 
volume  of  2.2  niL/kg  body  weight. 
However,  5  of  9  intubated  babies 
exceeded  this  level.  Would  you  com- 
ment on  the  need  to  intubate  infants 
at  birth  who  do  not  start  to  breathe 
within  2  minutes? 

I.  Milner  AD,  Vyas  H.  Hopkin  IE.  Effi- 
cacy of  facemask  resuscitation  al 
birth.  Br  Med  J  Clin  Res  iyS4:289: 
1.56.V1565. 

Thompson:  Are  you  saying  that  they 
intubated  KM)'?  of  the  patients' 
Barnes:  They  could  not  establish  an 
adequate  tidal  Nolume  at  birth  for  10 
babies  who  were  not  intubated.  In  9 
babies  who  were  intubated,  only  5 
were  able  to  be  adequately  venti- 
lated. 

Thompson:  Again,  what  you're  ask- 
ing is.  What  is  the  best  way  to  estab- 
lish FRC  (functional  residual  capac- 
ity) in  a  newborn?  The  best  way  to 
establish  l-'RC  in  a  nev\born  is  to  lei 
the  baby  breathe  spontaneously — not 


to  intubate  him.  Usually,  it  takes  just 
a  couple  of  breaths  with  the  bag  to 
elicit  spontaneous  respiration.  Once 
we  go  to  intubation,  then  you're 
right:  you  may  need  high  pressures  to 
establish  FRC. 

Barnes:  You're  using  what  you  call 
the  Mapelson  Type-F  bag.  I  know 
that  you  like  a  lot  of  things  about  that 
bag,  but  as  you  said  it's  difficult  to 
use.  Can  you  recommend  what  le\el 
of  staff  should  be  taught  to  use  that 
bag.  and  is  it  a  bag  that  the  average 
delivery  room  nurse  can  use  effec- 
tively? 

Thomp.son:  If  you  don't  use  the  bag 
every  day.  then  I  would  say.  "Don't 
use  the  bag."  It  does  take  practice.  It 
certainly  takes  months  to  train.  We 
have  a  3-month  orientation  for  new 
therapists,  and  it  takes  that  long  for 
st)meone  to  feel  comfortable  using 
that  bag.  Every  one  of  my  staff  is 
trained  in  it  because  that's  all  we  use. 
Even  on  ventilated  pediatric  patients, 
all  we  use  is  the  Mapelson  F.  We 
don't  use  self-inflating  bags.  We 
bring  self-inflating  bags  on  transport, 
in  case  we  lose  gas,  but  for  the  most 
part  we  use  all  non-self-inflating 
bags.  Once  you  get  used  to  them, 
then  you  can't  imagine  going  back  to 
a  self-inflating  bag  because  of  all  the 
dangers  of  high  inflation  pressures 
and  long  inspiratory  times  and  things 
like  that.  They're  always  used  with  a 
Mianomeier. 

Rodriguez:  What  do  you  think  about 
using  the  NRPR  (non-rebreathing 
pressure-relieving)  elbov\  for  bag- 
mask  sentilation'.' 

'I'hompson:  Is  that  the  Kcat's  or  the 
Norman  elbow '.' 

Rodriguez:  I  think  it  was  developed 
by  Dr  Robert  Husted  and  is  now  dis- 
tributeti  b>  Puritan-Bennett. 
Thomp.son:  Oh.  is  that  the  one  that 
they  thumb? 
Rodriguez:  No. 

rhomp.son:  I'm  untamiliar  with  that. 
What's  coming  around,  though,  is  the 
Milume-t)riented  resuscitation  bags, 
the  so-called  VCRs.  where  you  get  a 


more  consistent  peak  inspiratory 
pressure,  less  chance  of  hyper- 
\eniilation  with  the  volume-con- 
trolled resuscitators,  but  I'm  not 
familiar  with  the  device.  I've  not 
used  it. 

Mathews:  What  are  \ou  guys  using 
to  measure  the  effect  of  treatment  or 
therapy  in  these  upper-airway  ob- 
structions? The  reason  I  ask  is  that 
there's  been  an  interesting  paper  by 
Sivan.  Becker,  and  Nevvth'  that  talks 
about  using  a  respiratt)ry  plethy- 
smograph  to  objecti\el\  measure 
phase  angle  between  rib-cage  and 
abdominal  movements  in  children. 
and  they're  claiming  that  it's  very 
.selective  in  this  area. 

1.  Si\an  Y.  Becker  TW.  Ncwth  CJ, 
Thoracoabdominal  asychrony  in  acute 
upper  airway  obstruction  in  small 
children.  Am  Rev  Respir  Dis  1990: 
142(3):540-544. 

Ihompson:  1  think  that's  the  Res- 
pitrace  you're  referring  to.  We  don't 
use  the  Respitrace.  We  use  a  lot  of 
flow-volume  loops  and  pressure- 
volume  curves  that  Bob  (Kacmarek) 
alluded  to  with  the  llaniilton  and  the 
VenTrak. 

Mathews:  You  take  them  directly 
off  the  ventilator? 

Thompson:  Off  the  \entilator.  We 
also  have  a  lot  of  luck  with  the  little 
NVM  monitor,  the  neimatal  volume 
monitor.  It  hooks  directly  into  the 
VenTrak:  so,  you  don't  need  to  use  a 
\  ery  large  pneumotach,  just  the  little 
hot-wire  anemometer  from  the  Bear 
neonatal  volume  monitor. 
Barnes:  I'licre's  a  study  by  Gold- 
stein in  Ri:spiRATORv  Care  that 
showed  that  if  you  don't  use  a 
manometer  with  bag-valve  ventila- 
tion that  the  peak  inspiratory  pres- 
sure ma\  be  (n.fi  cm  higher.'  Is  that 
your  experience,  to  use  manometers 
all  Ihc  time  when  \ou  do  bag-\al\e 
ventilation'.' 
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Goldstein  B.  Catlin  EA.  Vetcre  JM 
Arguin  LJ.  The  role  of  in-line  nian- 
ometers  in  minimizing  peak  and  mean 
airway  pressure  during  the  hand- 
regulaled  \entilation  of  newborn 
infants.  RespirCare  1989:34:23-27. 


Thompson:  Yes.  that  is  our  expe- 
rience. A  lot  of  the  neonatal  bags 
come  with  tlxed  leaks.  When  you 
squeeze  them,  that  fixed  leak  creates 
a  lot  of  turbulence,  and  your  inspir- 
atory time  will  be  much  shorter  at  a 
very  high  pressure.  Even  though  you 


can  generate  a  very  high  pressure  at 
the  airway,  it's  really  not  transmitted 
distally.  So,  a  lot  of  those  bags  may 
generate  80  cm  H:0  at  the  airway  but 
still  only  10  or  15  cm  H:0  distally — 
especially  bags  like  the  Cardiff  or 
Penlon. 

Barnes:  How  important  is  it  to  main- 
tain PEEP  levels  during  "bagging' 
with  neonates?  Goldstein's  study 
showed  that  with  a  manometer  you 
couldn't  maintain  PEEP  very  well, 
even  though  you  could  control  peak 
inspiratory    pressure.    How    do    you 


control  that'.'  Or  is  it  not  a  problem'? 
Thompson:  Cerebrally  it's  a  prob- 
lem. We  think  that  if  a  patient  on  a 
ventilator  needs  10  cm  HjO  PEEP, 
then  during  bagging  he  needs  10  cm 
H:0  PEEP.  So.  I  don't  know,  Tom 
(Barnes).  I  would  say  that  every  time 
someone  picks  up  a  bag,  the  res- 
piratory rate  goes  up  much  higher 
than  the  set  rate  on  the  ventilator,  so 
that  certainly  any  mean  airway  pres- 
sure that  we  lose  when  we  lose 
PEEP  is  made  up  by  the  rate  at 
which  one  "bass." 
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Near-Drowning 

Martin  J  Nemiroff  MD 


River  Dragon 

River  dragnns  lurk 

in  e\en,  Chinese  river. 

but  the\  've  swum  aeniss  the  sea; 

I  know  thc\  lurk  here  too. 

hi  spring  river  dragons  suck 
water  from  the  fields  and 
puddles  troni  the  streets. 

River  dragons  wait 

tor  boys  on  shore  to  slip 

within  the  water's  reach. 

River  dragons  prefer 
the  young  w  ho  are  harder 
to  subdue. 

River  dragons  grow. 
They  fatten  in  the  spring 
on  water  and  young  boys. 

Leslie  Y  Lin 

Introduction 

Since  1975,  there  has  been  a  renewed  interest  in 
resuscitation  following  prolonged  submersion  in 
water.  A  re-examination  of  techniques  and  proto- 
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cols  for  rescue  and  resuscitation  began  after  the 
publication  of  reports  of  complete  neurologic 
recovery  after  3.S-minute'^  and  4()-niinute''  sub- 
mersions. The  distinction  became  less  clear 
between  drowning  (death  by  asphyxia  after  sub- 
mersion) and  near-drowning  (at  least  temporary 
survival  after  subinersion).  Further  confusion 
appeared  when  temis  such  as  itninersion  syn- 
drome, immersion  pneumonitis,  and  secondary 
drowning  were  used. 

In  ciiiTent  tisage.  the  term  drowning  means 
death  during  the  first  24  hours  after  a  submersion. 
Near-drowning,  a  term  first  used  by  Model!  in  a 
1971  book,''  now  is  u.sed  to  describe  the  survival 
for  at  least  24  hours  by  a  submersion  \  ictim.^ 

Children  and  young  adults  predominate  in 
drowning  morbidity  and  mortality  statistics,*"''  with 
toddlers  and  teenage  males  the  most  frequent  age 
and  sex  groups.  Factors  comtnon  to  drowning  inci- 
dents appear  in  Table  I .  Risk-taking  behavior  and 
use  of  alcohol  are  common  findings  in  teenage 
male  victims  of  drowning  and  near-drowning.'"''" 
Freshwater  drownings  outnumber  saltw  ater  drown- 
ings in  most  series."  '-  My  personal  experience  in 
tnore  than  1 .5i)()  submersion  incidents  suggests 
that  the  vast  majority  of  such  accidents  could  be 
pi"e\ented  b\  improved  education  aiui  su[icr\  ision 
of  swimmers. 


Table  1.  I-actors  Common  to  Drowning  Incidents* 

Age:  Toddlers,  teenage  boys 

Location:  Home  sw  imming  pools 

Gender:  Males  predominate  in  e\ery  age  group 

Race:  Black  children  most  at  risk 

Drugs:  Alcohol  in  particular 

Trauina:  Secondary  to  diving,  falls,  horseplay,  and.  recently, 
power-boating 


*Froni  infonnalion  in  Reference  7. 
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Path()phy.siol()j»y 

The  sequence  of  e\ents  in  near-drow  ning  in  ani- 
mal studies"  and  from  nn  own  retrospective  inter- 
views of  survivors  is  summarized  in  Table  2.'^ 
Variations  in  this  sequence  have  been  noted  in  spe- 
cial situations.  Gooden  noted  that  toddlers  who 
accidentally  enter  cold  water  become  suddenly 
immobilized  and  float  facedown  with  arms  and 
legs  outstretched  on  the  surface,  with  little  apparent 
struggle.'''  In  profoundly  cold  water,  the  invol- 
untary gasp  is  enhanced  and  the  conscious  breath- 
hold  time  is  markedly  reduced.""'^  If  hypo- 
ventilation occurred  on  the  water's  surface, 
hypoxia  may  cause  sudden  loss  of  consciousness 
before  the  hypercapnic  drive  to  breathe  is  evident. 
This  has  been  called  shallow-water  blackout.'**  It 
has  been  estimated  that  10%  of  near-drowning  vic- 
tims experience  severe  laryngospasm  with  the  first 
in-rush  of  cold  water,  and  fluid  does  not  enter  the 
trachea.'"  This  has  been  called  dry  drowning.*" '  A 
more  common  occurrence  is  that  water  enters  the 
larynx,  leading  to  a  reflex  parasympathetic-mediat- 
ed  constriction  of  the  airways.* 

Table  2.     Human  Near-Drowning  Sequence* 

1 .  Violent  struggle  to  reach  the  surface 

2.  Period  of  calmness  and  apnea 

3.  Swallowing  of  large  amounts  of  fluid,  followed  by  vomiting 

4.  Gasping  respirations  and  aspiration 

5.  Convulsions,  coma,  and  death-like  appearance 


*From  information  in  Reference  14. 


Hypoxemia  occurs  in  virtually  every  submersion 
accident,  resulting  from  decreased  ventilation. 
Aspiration  of  fluid  is  followed  by  apnea,  pro- 
gressive hypoxemia,  profound  acidosis.-"  arrhyth- 
mias, and  death.  One  series  of  arterial  blood  gases 
from  5 1  hypothermic  nearly  drowned  persons  is 
summarized  in  Table  3.  The  duration  of  sub- 
mersion that  a  human  being  can  withstand  without 
permanent  brain  damage  is  unknown.  I  witnessed 
and  treated  a  3-year-old  girl  who  was  submerged 
for  60  minutes  in  water  of  3.3°C  (38°F)  tem- 
perature and  made  a  full  neurologic  recovery. 
Reports  of  other  long-duration  (>  7  minutes)  sub- 
mersions with  survival  are  mostlv  limited  to  cold- 


water  sittuilions  (>2!°C.  70°F).-'-'--  The  patho- 
physiology ill  cold-water  incidents  differs  from  that 
in  warm-ualcr  situations.  The  majoril)  of  drown- 
ings and  near-drownings  in  the  L'nited  States  occur 
in  backyard  heated  swimming  pools,  and  therefore 
neurologic  survival  time  is  usually  limited  to  a  4- 
to  6-minute  airless  period,  and  morbidity  is  high." 
Controversv  exists  as  to  whether  the  mammalian- 
diving  response  plays  a  role  in  the  neurologic 
recovery  of  the  long-submersion  cold-water  victim. 
A  dichotomy  exists  between  the  physiologists  and 
some  clinicians,  with  the  physiologists  believing 
that  there  is  little  proof  of  its  role  in  survival.-''"-'^ 
and  the  clinicians  believing  that  it  is  a  good  expla- 
nation for  sur\i\al  in  newborn  infants  and  tod- 
dlers.^'^'-' 

Table  3.    Mean  Arterial  Blood  Gases  and  pH  in  .s  I   Hypo- 
thermic. Nearly  Drowned  Individuals* 

pH:       7. OS 

7.13  when  corrected  for  body  temperature 

PaCO::  59.64  torr 

52. 14  torr  when  corrected  for  body  temperature 

PaO::     96.75  torrt 

79. 1 3  torr  w  hen  corrected  for  body  temperature 


*  From  information  in  Reference  20. 

t  The  majority  of  these  patients  were  receiving  100%  oxygen  when 
the  blood  sample  was  drawn. 

An  additional  controversy  sun'ounds  the  ques- 
tion of  the  effects  of  seawater  versus  fresh  water  in 
the  lung.  Whether  submersion  occurs  in  seawater 
or  fresh  water,  the  primar>'  pathophysiologic  find- 
ings are  profound  and  persistent  hypoxemia  and 
metabolic  acidosis.-"  Damage  to  lung  surfactant 
occurs  by  denaturation  with  fresh  water,  or  by 
washout  with  salt  water — with  resultant  alveolar 
injury  and  pulmonary  edema.-''  Animal  studies 
show  a  return  to  normal  PaCO:  1  hour  after  aspira- 
tion of  fresh  or  salt  water:  howe\er.  hypoxemia 
persists.-'  Estimates  of  the  amount  of  tluid  aspira- 
tion in  human  beings  are  less  than  one  might 
expect  ( 10  mL  of  fluid  per  pound  of  body  weight): 
therefore,  lungs  are  not  filled  with  aspirated 
water.-*-^  Consequently,  the  small  volume  of  water 
aspirated  does  not  affect  the  circulating  blood  vol- 
ume.-''-^ Increases  in  capillary  permeability  lead  to 
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noncardiogenic  (low-pressure)  piilmonan-  edema 
and  proteinaceous  fluid  loss  in  the  ah  eolar  spaces. 

The  gross  appearance  of  lung  in  the  drowned 
individual  includes  a  frothy,  white,  slightly  bloody 
foam,  evidence  of  pulmonary  edema:  and  petechial 
hemorrhages  are  seen  in  the  lung  and  pleura.-  -" 
Microscopically,  changes  are  seen  in  the  alveolar 
wall,  with  focal  emphysema,  and  in  the  vascular 
endothelium,  with  swelling  of  the  mitochondria.'" 
If  the  submersion  occurred  in  unclean  water. 
ponds,  sewage,  swamp,  or  mud,  a  variety  of  patho- 
gens may  be  seen.  Our  experience  includes  recov- 
ery of  blue-green  algae.  Aspeiiiillus.  and  Pseiuio- 
monas  sp.  from  drowned  and  nearly  drowned  lung. 
The  totality  of  these  changes  contributes  to  ventila- 
tion-perfusion  mismatch  and  resultant  hypoxemia. 
Differences  between  the  effects  of  seawater  and 
fresh  water  are  therefore  imperceptible  to  the  cli- 
nician. 

A  major  milestone  in  the  understanding  of  near- 
drowning  pathophysiology  occurred  with  the  fmd- 
ings  of  Modell.  who  reported  in  1968  that  the  pri- 
mary pathophysiologic  disturbance  that  neces- 
sitated emergency  treatment  in  human  near- 
drownings  was  acute  asphyxia  with  resultant 
hypoxemia  and  acidosis."  Modell  reported  that 
electrolyte  changes  in  human  beings  were  minimal 
and  required  little,  if  any.  emergency  treatment. 
Once  again,  little  difference  could  be  noted 
between  freshwater  and  seawater  cases.'' 

The  First  Responder 

The  recognition  of  a  submersion  victim  is  not 
difficult.  Teacliing  the  correct  response  is!  A  com- 
mon appearance  of  the  near-drowning  \ictim  is  a 
cold,  cyanotic,  stiff  person  with  poor  circulation. 
He  ma>  be  apneic,  unresponsive,  and  have  fixed, 
dilated  pupils.  On  occasion,  errors  are  made 
because  of  this  deathlike  appearance.  Often,  basic 
life  support  (BLS)  is  not  begun,  or,  worse,  the  area 
is  secured  as  a  "crime  scene.'  I  have  called  this 
"death  behavior."  More  correct  behavior,  termed 
"life  behavior,"  begins  with  removal  of  the  \  ictim 
from  the  water.  After  a  quick  check  of  the  pulse, 
and  if  the  person  was  submerged  less  than  an  hour, 
BLS  is  instituted  and  help  is  called  for.  My  expe- 
rience, and  that  of  others."  is  that  fixed,  dilated 
pupils  do  not   necessarily   portend   ultimate   poor 


prognosis  in  hypothermic  near-drowned  indi- 
viduals.'- In  contrast.  Modell  et  al.  in  a  1976 
paper,'-  reported  no  sur\ivors  who  had  fixed  and 
dilated  pupils:  however,  the  victims  were  not  sig- 
nificant!) hypothermic.  Water  is  an  excellent  con- 
ductor of  bod)  heat  and  cools  the  body  25  times 
faster  than  air  of  the  same  temperature. '-  Therefore, 
most  of  these  victims  are  hypothermic,  and  they 
become  more  so  as  e\aporation  occurs  and  if  wet 
clothes  remain  on  the  bod)  after  the  \ictim  is 
removed  from  the  water.  Their  management 
includes  ventilation,  preservation  of  body  heat  by 
removing  anything  wet  and  replacing  it  with  dry 
coverings,  and  gentle  transport  to  a  site  of  defin- 
itive medical  care  as  soon  as  is  practical."-''* 

Controversy  exists  about  airway-clearing  man- 
euvers. Historically,  airway  clearing  and  resuscita- 
tion have  taken  many  forms,  including  rolling  the 
victim  over  a  barrel  or  placing  him  on  the  back  of  a 
trotting  horse.  More  modem  recom-mendations 
have  included  "breaking"  the  patient  (bending  at 
the  waist  with  the  head  down)  or  positioning.  Cur- 
rent knowledge  of  the  pathoph)siology  of  near- 
drowning  suggests  that  these  methods  are  unlikely 
to  drain  the  thick,  proteinaceous  pulmonary-edema 
fluid  and  affect  the  success  of  resuscitation.  The 
Heimlich  maneu\er  has  been  suggested  by  its 
inventor  as  a  first-line  treatment  for  e\ery  drown- 
ing victim.''''  Others  feel  that  this  manuever  brings 
an  increased  risk  of  \omiting  and  aspiration,  and 
that  abdominal-thrust  maneu\ers  should  be 
reserved  for  airw  ay  obstruction  only.'*-'^ 

In  summary,  the  accepted  standard  of  care  that 
has  evolved  in  the  United  .States  is  to  attempt  resus- 
citation in  any  cold-water  long-submersion  near- 
drowning  \  ictim  if  he  has  been  submerged  an  hour 
or  less  in  water  at  2  I X  (70°F)  or  colder.-"*-'^ 

Cold-\N  ater  Near-Drowning  and  Hypothermia 

Cold-water  long-submersion  victims  have  unu- 
sually high  survivabilit).  as  shown  in  a  series  of 
consecutive  cases  studied  by  our  group  since  1975. 
Data  were  collected  on  each  victim's  age,  locale 
and  circumstances,  underwater  time,  water  and  air 
temperatures,  cardiopuliminar)-  resuscitation  ef- 
forts, water  type  and  qualit).  and  listing  of  any 
major  injuries.  The  minimum  emergency  data 
required  were  approximate  age  of  the  victim,  esti- 
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mated  underv\ater  time,  and  water  temperature. 
Table  4  show s  the  prognostic  factors  we  ha\e  iden- 
tified from  this  study. 

Table  4.    Prognostic  Factors  in  Cold-Water  Near-Drowning 
Sur\ival* 

Age:  The  younger  the  age.  the  better  the  survival  (mean 
survivor  age  1 1.2  y>. 

Underwater  Time:  The  shorter,  the  better  (range  7-60  min). 

Water  Temperature:  The  colder,  the  better  (range  27-70°F). 

Quality  of  CPR:  Major  breaks  in  technique  or  omissions 
reduced  survivability. 

Amount  of  Struggle:  The  less  struggle,  the  better  sur\  ival. 

Water  Quality:  Better  survival  in  clear  water  (translucent)  than 
in  swamp,  mud.  or  other  fluids  (eg.  liquid  fertilizer). 

Other  Major  Injuries:  Other  injuries  markedly  reduced  survival 
regardless  of  injury  (eg.  blast,  burn.  head,  or  long-bone 
trauma). 

Suicidal  Intent:  Victims  seeking  suicide  by  drowning  did  less 
well  than  matched  victims  of  accidental  submersion. 


*  Data  from  obsenatiiins,  by  the  author's  group,  of  100  cases  of  near- 
drowning  during  the  period  1975-1990. 


Treatment  during  Transport 

The  primary  management  of  the  near-drowning 
patient  during  transport  is  respiratory  support. 
Immediate  airway  management  is  dictated  by  indi- 
vidual patient  factors:  level  of  consciousness,  level 
of  responsiveness,  patency  of  airway,  presence  of 
secretions,  vomiting,  aspiration,  or  apnea.  Airway 
management  includes  positioning  and  oro-.  naso-. 
or  endotracheal  intubation,  preferably  with  supple- 
mental oxygen  at  an  F102  of  1.00.  Assessment  of 
circulation  dictates  whether  chest  compression  is 
necessar>'. 

Rewarming  attempts  are  unnecessary  during 
most  transports;  in  fact,  if  made,  they  may  increase 
cardiac  irritability.  Remaining  body  heat  is  con- 
served by  remov ing  wet  garments  and  co\ ering  the 
high  heat-loss  areas  of  the  head  and  neck,  axillae. 
and  inguinal  area  with  wami.  dry  coverings  if  pos- 
sible"*— much  as  one  would  use  to  transport  a  neo- 
nate. 

Vital  signs,  including  rectal  temperature,  should 
be  monitored  closely.  It  should  be  noted  that  body 
temperature  often  falls  during  transport  of  these 


patients.  This  is  a  precarious  situation,  with  ven- 
tricular irritability  highly  likely  to  occur.  Should  a 
cold-induced  ventricular  arrhythmia  occur,  it  is 
very  difficult  to  normalize  with  countershock. 
Advanced  cardiac  life  support  (,ACLS)  procedures 
and  protocols  for  hypothermic  indi\iduals  limit 
countershock  to  one  shock  in  the  field,  and  they  do 
not  advocate  using  more  than  lidocaine  and  bre- 
tylium  until  definitive  rewarming  can  be  accom- 
plished.""'"" Spontaneously  breathing  patients 
should  be  monitored  with  pulse  oximetry  during 
transport. 

Treatment  at  the  Hospital 

The  initial  in-hospital  irianagement  of  the  near- 
drowned  victim  is  an  extension  of  the  prehospital 
care.  Hypoxemia  persists  after  aspiration  of  fluids 
due  to  the  alveolar  capillary  damage,  with  con- 
tinued intrapulmonary  shunting.-^  Of  pertinence 
here  is  the  respiratorv  evaluation  and  management 
algorithm  recently  published  b\  Shaw,-  which 
appears  here  as  Figure  1 . 

Spontaneous  respirations? 
Yes  ^^No 


Respiratory  distress  or 

toss  of  protective 

reflexes'' 

I 
No 

i 

Pulse  oximetry    ^^ 
1  ^ 

Normal 


Significant  history 

(apnea.  LOG 
cyanosis.  CPR)?  " 

No 

Observation  4-6  hr 

Repeat  exams  and 

pulse  oximetry 


Supplemental  02 
Intubate 

CMV    ^  Admit 

PEEP  to  ICU 

CXR 

ABG 


Decreased  SpOj? 


Supplemental  O^ 
ABG    ^~^ 


PaOz  >  60  ton 

FI02  <  0  5? 

I 

Yes 

\ 

Admit  to  tiospital 

Repeat  exams  and  pulse 

oximetry 

O2  as  needed 


Fig.  1.  Respiratory  evaluation  and  management  of  the 
near-drowning  patient  (with  stable  cardiovascular  condi- 
tion). ABG  =  arterial  blood  gas  determination,  CXR  = 
chest  radiograph,  ICU  =  intensive  care  unit,  LOC  =  loss 
of  consciousness,  SpO;  =  oxygen  saturation  via  pulse 
oximetry,  CMV  =  continuous  mechanical  ventilation,  and 
PEEP  =  positive  end-expiratory  pressure.  (Reprinted, 
with  permission,  from  Reference  27.) 

The  level  of  hypoxemia  approximates  the  alveo- 
lar damage  from  aspiration.  Chest-radiograph  eval- 
uation can  be  a  determinant  of  the  eventual  mag- 


RESPIRATORY  CARE  •  JUNE  92  Vol  37  No  6 


603 


NEAR-DROWNING 


nitude  of  thcrap\;  lKn\c\er.  normal  cticsl  radio- 
graphs do  not  rule  out  the  possibilil\  ot  deteriora- 
tion in  the  first  24  hours."*-  In  general,  the  nadir  ot" 
radiographic  change  occurs  within  24  hours  in  the 
typical  case,  with  gradual  resolution  over  the  ensu- 
ing 7  days  if  superimposed  pneumonitis  is  not  a 
complication. '''■'"  Earl\  intubation  and  the  use  of 
posiiixe  end-expiratory  pressure  (PEEP)  should  be 
considered  for  patients  unable  to  maintain  a  PaO:  > 
60  torr  with  an  Fio:  of  0.50  or  lower.-**  Traumatic 
pulmonary  injury  is  seen  frequently  in  near- 
drowning  victims,  and  barotrauma  may  result  from 
mechanical  \entilation  with  PEEP.  The  complica- 
tions and  problems  faced  in  the  management  of 
near-drowning  are  summarized  in  Table  5.^'  ■*■* 

Table  .'5.    Complications  of  Near-Drowning  in  the  Acute  and 
Subacute  Hospital  Period 

Hypoxemia 

Acidosis 

Hypothermia 

Hypovolemia 

Cerebral  anoxia 

Hemolysis 

Diffuse  intravascular  coagulation  (DIC) 

Renal  failure 

Hepatic  failure 

Necrotic  bowel 

Sepsis 

Pneumonias  with  unusual  etiologies:  fungal,  algal. 

and  bacterial 
Febrile  illness:  Fniiiciscllti  philoniiragio'*-^ 
Brain  abscess:  Pseuclallexcheria  hoydii  (up  to  6  months  later)" 


Rewamiing  should  proceed  concomitantly  with 
all  other  treatment  modalities.  Due  to  the  loss  of 
body  heat  by  convection,  conduction,  radiation,  and 
evaporation,  these  victims  are  often  hypo- 
thermic.''--  Efforts  should  be  made  to  protect  the 
high-heat-loss  areas,  including  the  head.  neck,  axil- 
lae, and  inguinal  region."^  Rewarming  techniques 
include  airway  rewarming:  administration  of  heated 
intravenous  solutions:  heated  lavage  of  the  gastric, 
intrathoracic,  pericardial,  and  peritoneal  spaces,  as 
well  as  the  urinary  bladder  and  rectum.''^  External 
heat  has  been  applied  by  heating  blankets,  warm 
baths,  and  near-total  immersion  in  a  Hubbard  tank. 


Extracorporeal  circulation  with  total  cardio- 
pulmonar\  b\pass  has  been  successful.--  The 
method  of  choice  is  often  dictated  by  the  level  of 
core  temperature  and  the  availability  of  the  afore- 
meniioned  techniques. 

Summary 

Submersion  incidents  are  common,  and  they 
carry  a  high  morbidity  and  mortality.  Near- 
drowning  often  strikes  healthy  young  children  and 
teenagers  prone  to  risk-taking.  Recent  advances  in 
our  understanding  of  the  pathophysiology  of 
drowning  have  led  to  improved  respiratory  man- 
agement, leaving  other  less  treatable  complications 
to  take  their  toll — cerebral  death  and  diffuse  intra- 
vascular coagulation  (DIC).  for  example.  The  most 
evident  recent  advances  in  prehospital  care,  such  as 
aggressive  dive  rescue.  de\  elopment  of  emergency 
medical  technicians,  and  public  cardiopulmonary 
resuscitation  training  have  made  a  dent  in  the  fatal- 
ity statistics.  Further  effort  should  be  directed 
toward  training  of  emergency  department  phy- 
sicians and  routine  use  of  available  protocols  for 
management  of  hypothermia  and  near-drowning. 
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Nemiroff  Discussion 

Porter:  At  what  point  do  you  decide 
to  go  beyond  inhalation  warming  or 
is  that  all  that  is  ever  required?  Have 
you  gone  to  cardiopulmonary  bypass? 


Nemiroff:  We  move  to  cardio- 
pulmonary bypass  very  quickly  if  we 
have  it  available.  Many  of  these 
patients  were  in  remote  areas  of 
Alaska — with  cardiopulmonary  bypass 
250   miles   away.   Therefore,   it   was 


some  hour  and  a  half  to  cardio- 
pulmonary bypass.  Even  in  that  set- 
ting, we  have  done  it  successfully 
more  than  once;  so.  yes,  we  have. 
What  is  our  criterion  for  cardio- 
pulmonary     bypass?     Availability. 
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And  our  perfusionists  are  delighted 
to  see  these  cases.  This  is  a  wonder- 
ful skill  that  they  ha\e  already  de\el- 
oped  to  a  high  degree  (no  pun 
intended).  They  rewarm  the.se 
patients  and  measure  just  ahout  every 
ion.  We  know  where  we  stand  \ery 
quiekls;  so  v\e  highly  encourage  car- 
diopulmonary bypass.  Now ,  that  may 
be  using  a  howitzer  where  a  .22 
might  be  effective.  If  we're  having 
some  response  to  rewarming  (for 
example,  a  bradycardic  rhythm).  1 
don't  consider  going  to  bypass.  But  if 
you  have  a  patient  with  an  inert  heart. 
a  very  cold  patient  who  is  not 
responding  to  your  favorite  rewarm- 
ing technique — of  course,  we  could 
discuss  rewarming  techniques  for  2 
weeks — if  you  have  chosen  your 
favorite  technique  and  it  isn't  work- 
ing, then  I  would  move  toward 
bypass  very  quickly.  I  would  alert  the 
perfusion  team  to  that  fact  as  you  are 
resuscitating  the  patient,  so  they  can 
be  thinking  in  terms  of  fitting  the 
rewarming  patient  intii  their  regular 
standard  schedule. 

Thompson:  Would  you  describe 
your  rew  arming  technique'.' 
Nemiroff:  Yes,  1  use  1()5-1()8'F. 
100%  humidified  oxygen,  and  I'xc 
done  it  different  ways — a  SIO  home- 
made way  with  a  thermos  bottle  and 
a  coil  (running  the  oxygen  through  a 
heated  thermos  bottle).  I've  also 
modified  a  mainline  nebulizer  on  a 
inechanical  ventilator.  I  think  I  used 
an  Ohio,  drove  it  beyond  its  standard 
range,  and  had  the  company  modify 
it  to  heat  to  105-108°.  I  measured  the 
temperature  at  the  mouth.  With  every 
one  of  these,  we  measure  at  the  endo- 
tracheal tube  when  we're  using 
heated  oxygen.  At  least  3  other  com- 
panies have  agreed  to  increase  the 
highest  temperature  limit  on  their 
equipment  so  we  could  achieve  105- 
108^  I  don't  want  to  go  above  108°. 
or  much  below  105°. 
Weaver:  When  do  you  not  resus- 
citate? Or.  do  sou  alwa\s.'  1  mean. 


what  criterion  do  you  use  for  decid- 
ing not  to  attempt  resuscitation? 
Nemiroff:  Ihe  criterion  we  use  for 
Do  not  resuscitate'  is  submersion 
longer  than  60  minutes.  Now.  if 
you're  an  emergency  medical  tech- 
nician (EMT),  you  are  very  rigid,  and 
you  say.  ""60  minutes,  it's  over."  1 
may  go  to  65.  but  we  have  had  no 
meaningful  survivals  beyond  that 
time.  I  cannot  find  a  series  with  full 
survival  of  patients  submerged 
beyond  60  minutes.  So.  pretty 
clearly,  60  minutes  is  the  current 
standard.  We  do  not  resuscitate  if  wc 
feel  that  we  ha\e  major  loss  of  limb, 
open-brain  injuries,  or  other  condi- 
tions that  you  would  not  resuscitate 
under  .ACLS  and  other  standard  pro- 
tocols. 

Wilson:  You  mentioned.  I  believe, 
that  the  colder  the  w  ater  the  better  the 
survival.  Is  there  indeed  a  rela- 
tionship between  initial  core  tem- 
perature and  lower  core  temperature 
in  survival? 

Nemiroff:  Yes.  there  is.  There  have 
been  no  meaningful  initial  core  tem- 
peratures much  below  60°F.  A  good 
marker,  by  the  way.  is  the  serum 
potassium  level.  There  have  been  no 
survivals  in  hspothermic  patients 
v\ith  markedl\  ele\ated  serum  potas- 
siums. It's  one  of  the  new  ways  of 
getting  a  quick  prognostic  indication 
in  a  severely  hypothermic  patient.  So. 
if  the  ele\ated  serum  potassium  is 
from  the  hypothermia  alone,  it  is  a 
good  marker,  which  was  recenilx 
reported  in  JAMA.' 

1.  Schaller  .MD.  Fiseher  AW  Ferret  CM 
Hyperkalemia;  a  prognnsiic  factor  dur- 
ing acute  se\erc  hypothermia.  JAMA 
1990:264(1 4):  1842- 1845. 

NNilson:  .As  youre  in  the  pit)cess  of 
resuscitating  an  individual,  is  there  a 
critical  core  temperature  at  w  hich  \i)u 
can  comfortably  discontinue  C'PR — 
once  you  reach  ii  and  still  ha\e  no 
response? 


Nemiroff:  92°F.  If  we  reach  into  the 
9()s.  preferably  91°  or  92°  core  tem- 
perature, and  we're  still  not  getting  a 
cardiac  response,  then  that's  a  deci- 
sion point.  We  stop  the  resusci- 
tation. That  takes  about  3  hours. 
These  are  lengthy  resuscitations  (3- 
3.5  hours)  that  bring  a  standard 
emergency  department  to  its  knees 
in  terms  of  backup  of  patients  and 
everything  else.  When  we  get  to  91- 
92°  without  response,  then  we  gener- 
ally cease. 

Wilson:  One  final  question — 105°. 
in  terms  of  airwa>  temperature,  is.  1 
think  by  many  standards.  fairl\  con- 
servative. Is  there  some  reason  that 
you  limit  there '^  I  mean,  in  operating 
rooms  we'll  use  temperatures  higher 
than  that  (at  least  measured  at  the 
airw  a\ )  for  maintenance  of  core  tem- 
perature, which,  as  you  know,  isn't 
tcrrihls  effective. 

Nemiroff:  This  was  studied  by 
Steinman.  Chancy,  and  CoUis  in  the 
1970s.'  They  reviewed  animal  work 
that  showed  that  bronchial  and  tra- 
cheal mucosa  are  injured  by  tem- 
peratures higher  than  108°.  So  all 
our  studies  ha\e  been  limited  to 
<  108°.  I  don't  use  temperatures 
higher  than  that  because  our  resus- 
citative  literature  was  based  on  those 
initial  studies. 

I.  Steinman  AM.  CoUis  ML.  Chaney 
RD.  An  experimental  study  of  prac- 
tical rewarming  methods.  National 
.•\ssn  for  Search  and  Rescue.  PO  Box 
8100.  Salt  Lake  Cit\.  Utah.  Sept  9- 
12.  1976. 

Keines:  Because  \ou're  menlioning 
a  national  standard.  I'm  a  little  con- 
cerned. What's  the  denominator? 
You  have  51  sur\i\(vs  in  the  numer- 
ator. What's  the  denominator? 
What's  the  cost?  What's  the  risk  of 
ending  up  with  a  vegetable  if  you 
resuscitate?  You  said  1  hour — and 
was  it  70°  immersion  temperature, 
or ...'.' 
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Nemintff:  I  defined  that  series  as 
cold-waicr.  long-submersion  victims 
and  tried  to  im\kc  it  very  clear  that 
these  are  not  backyard  pool  Southern 
California-t>pe  cases,  which  account 
for  7.()()()  out  of  S.OOO  of  our  drown- 
ing patients  per  year.  Ini  talking 
about,  in  this  country,  a  subscries  of 
approximately  1.000  per  year  of 
cold-water  cases.  Of  that  1 ,000.  there 
is  a  subset  of  long-submersion  cases. 
Reines:  With  31  survivors  over  how 
many  years'? 

Nemiroff:  Fnc  been  studying  this 
since  \^)lf<.  These  are  my  personal 
cases  (unpublished  data  I.  I  haven't 
seen  all  1.000  cases  in  the  United 
States. 

Reines:  Tm  just  trying  to  see  if 
we're  talking  about  l'^.  lOVc  .  .  .. 
Nemiroff:  I  can  only  give  you  my 
personal  experience  because  there 
are  no  national  statistics.  From  my 
personal  statistics  of  51  long-term 
sur\i\()rs.  I  ha\e  .^  patients  who  are 
chronicall\  hospitalized.  Victims 
either  die  or  sur\ive.  and  3  out  of  51 
is  a  small  number.  I  can  give  you  my 
personal  series,  but  I  cannot  relate 
this  to  anything  nationally  because 
there  are  no  statistics — and  I've 
searched  and  wanted  and  waited  for 
some.  Exacth  how  many  people 
drown  in  this  country  {fait  accompli 
deaths)  is  not  known.  There  is  only 
an  estimated  statistic. 
Hess:  My  question  relates  to  blood 
gases  in  the  management  of  hypo- 
thermic patients.  Do  you  manage 
acid  base  and  oxygenation  based 
upon  the  temperature-corrected  val- 
ues or  the  uncorrected  \alues?  That's 
an  area  of  some  controversy,  and  I 
know  we  banter  about  that  in  our 
own  emergency  department. 
Nemiroff:  I  list  both  of  them  in  my 
illustrations. 

Hess:  Well,  that's  the  way  we  do  it, 
too.  That's  how  we  get  around  it. 
Nemiroff:  That's  how  I  skirt  the  con- 
troversy, by  showing  both.  What  I 
really  do  is  use  the  measured  blood 
gas    values,    not    the    temperature- 


corrected  values.  But  you  caught  me 
hedging,  by  my  slide. 
Hess:  There's  good  support  for  that. 
Haponik:  Would  you  please  com- 
ment about  the  rules  or  lack  of  rules 
for  corticosteroids,  intracranial  pres- 
sure monitoring,  and  barbiturates,  in 
this  setting.  There  seems  to  be  a 
mythology  about  some  of  them. 
Nemiroff:  The  current  review  of  the 
literature  suggests  that  corticosteroids 
are  of  no  benefit.'  '  I've  used  them  in 
a  significant  portion  of  my  series  and 
then  stopped  using  them  when  the  lit- 
erature made  it  apparent  that  we  may 
actually  be  causing  some  damage  and 
no  benefit.  Initially  I  felt  that  induced 
barbiturate  coma  and  induced  hypo- 
thermic coma  had  tremendous  value 
in  my  hypothermic  patients,  but  the 
larger  series  that  are  now  being  pre- 
sented show  that  there  is  no  real  sta- 
tistical improvement  in  survival  using 
barbiturate-induced  and  hypothermia- 
induced  coma.  Looking  at  those 
series  critically,  which  I  did,  I  could 
not  tell  which  were  hypothermic 
cold-water  drownings  and  which 
were  warm-water  drownings  because 
it  wasn't  listed  in  the  papers.  The 
source  of  the  patients  was  not  clear, 
and  I  had  to  assume  on  the  basis  of 
where  the  paper  had  been  written 
what  the  basic  population  was.  So.  I 
don't  have  an  answer  for  you  except 
to  say  that  the  literature  is  now  saying 
not  to  induce  barbiturate  or  hypo- 
thermic coma.  I  have  a  gut  reaction 
that  it  may  still  be  effective  in  the 
cold-water  cases,  but  I  have  nothing, 
really,  to  base  my  reaction  on  in 
terms  of  a  controlled  series.  Given 
the  opportunity,  having  a  Richmond 
bolt,  a  neurosurgeon,  and  the  skills 
available  today,  I  would  use  it. 


1.  Bohn  DJ.  Biggar  MD,  Smith  CR. 
Influence  of  hypothermia,  barbiturate 
therapy,  and  intracranial  pressure 
monitoring  on  morbidity  and  mortality 
after  near-drowning.  Crit  Care  Med 
1986:14:529-534. 


2.  Nussbaum  E,  Maggi  C.  Pentobarbital 
therapy  does  not  improve  neurologic 
outcome  in  nearly  drowned  flaccid- 
comatose  children.  Pediatrics  1988: 
81:630-633. 

3.  Gonzalez-Rothi  RJ.  Near  drowning: 
consensus  and  controversies  in  pul- 
monary and  cerebral  resu.scitalion. 
Heart  Lung  1987:16:474-482. 

Barnes:  Has  the  Coast  Guard  settled 
on  a  standard  for  emergency  ventila- 
tion? Are  you  intubating?  Are  you 
using  bag-valve-mask,  mouth-to- 
mask,  mouth-to-mouth? 
Nemiroff:  We  are  no  longer  flying 
with  flight  surgeons.  We  tly  with  a 
basic  EMT  and  a  rescue  swimmer. 
He  may  be  one  and  the  same  person, 
and.  therefore,  we  do  not  intubate. 
We  bag-valve-mask  almost  entirely, 
unless  there's  a  physician  aboard, 
and  that's  a  rarity  in  our  current 
Coast  Guard. 

Barnes:  In  a  way.  I'm  glad  you  said 
that  because  I  want  to  ask  you  about 
gastric  inflation  and  if  that's  a  prob- 
lem with  bag-valve-mask  breathing 
in  these  rescues. 

Nemiroff:  You  mean  in  the  GI  tract? 
It's  always  a  problem  for  us.  and  one 
way  that  we  are  very  cautious  is  in 
educating  our  people  not  to  lean  on 
the  abdomen  when  they're  doing  a 
resuscitation  and  to  treat  the  airway 
very  gently.  As  soon  as  we  get  the 
patient,  we  protect  the  patient  with 
an  endotracheal  tube.  In  rare  circum- 
stances we  tly  w  ith  a  paramedic  who 
has  ACLS  background  and  training, 
and  frequently  he  is  prepared  to  intu- 
bate, and  may  do  so.  What  would  I 
like  to  see?  I'll  tell  you  privately. 
Mathews:  I  was  reading  an  article  in 
preparation  for  this  conference  by 
Ashwal  and  associates  from  Loma 
Linda'  that  suggests  that  perhaps 
tracking  levels  of  blood  glucose  and 
cerebral  blood  flow  are  predictive  of 
one  of  the  three  outcome  states  from 
drowning  (the  outcome  states  being 
unimpaired  survival,  impaired  sur- 
vival, and  death).  They  showed  an 


RESPIRATORY  CARE  •  JUNE  '92  Vol  37  No  6 


607 


NEMIROFF  DISCUSSION 


inverse  relationship  between  the  le\  el 
of  blood  glucose  and  the  survival 
status.  Do  you  have  any  comments  on 

that' 

I .  Ashwal  S,  Schneider  S.  Toniasi  L. 
Thompson  J.  Prognostic  implications 
of  hyperglycemia  and  reduced  cere- 
bral blood  flow  in  childhood  near 
drowning.  Neurology  1990:40:820- 
823. 

Nemiroff:  Once  again,  the  blood  glu- 
cose in  a  hypothernnc  indi\  idual  dif- 
fers from  that  in  a  warm  individual, 
and  I  don't  know  the  series  that 
you"re  mentioning,  by  letter  and 
verse.  I  would  have  to  know  more 
about  the  patient  population  and  have 
it  separated  for  body  temperature  and 
the  cause  of  the  near-drowning.  Then 
1  would  better  be  able  to  answer  your 
question.  As  1  said.  I  don"t  know  the 
particular  paper,  but  I  could  bet  you 
that  the  series  does  not  separate  out 
subjects  in  terms  of  initial  body  tem- 
perature, the  initial  incident  in  terms 
of  what  the  cause  of  the  near- 
drowning  was.  It  makes  it  very  dif- 
ficult to  answer  the  question  vou're 
asking. 

Mathews:  OK.  And,  just  as  a  follow- 
up.  I  came  across  an  interesting  arti- 
cle in  Annals  of  Emergency  Medicine 
in  June  of  1991'  that  cited  an  indus- 
trial drowning  on  an  oil  rig.  1  doni 
know  if  you're  familiar  with  thai  par- 
ticular article.  A  gentleman  fell  into  a 
cleaning  vat  on  an  oil  rig.  It  was 
water  mixed  with  calcium  salts.  Bv 
the  time  they  got  him  lo  the  hospital. 


he  was  in  pretty  bad  shape  and  actu- 
al l>  had  hypercalcemia  secondary  to 
ingestion.  That  brings  up  a  question. 
Is  it  important  for  the  rescuers,  if  pos- 
sible, to  bring  a  sample  of  the  water 
into  the  hospital  with  them — a  sam- 
ple of  the  fluid,  so  we  know  what 
these  people  drowned  in? 

1.  Fromm  RH  Jr.  Hypercalcemia  com- 
plicating an  industrial  near  drowning. 
Ann  Hmerg  Med  I991:20U6):669- 
671. 

Nemiroff:  I've  requested  that  numer- 
ous times.  For  one  reason — because  I 
want  to  culture  it  in  the  laboratory  at 
the  same  time  I'm  treating  m\ 
patient.  What  I'm  trying  to  do  is  to 
determine  sensitivities  in  vitro  at  the 
same  time  that  I'm  treating  a  human 
being — to  be  able  to  change  my  ther- 
apy quickly  in  the  first  24  hours  if  I 
see  that  I'm  heading  in  the  wrong 
direction.  Yes,  we  do  request  a  sam- 
ple, and  emergency  personnel,  want- 
ing to  be  helpful  in  this  setting,  will 
run  back  and  get  me  water  tem- 
peratures and  water  samples  for  cul- 
ture: they'll  get  me  samples  of  almost 
anything  that  I  need  very  quickh  and 
bring  them  back  to  the  hospital.  Usu- 
ally, the  responding  emergency 
agency  will  bring  those  samples  to 
me  quickly.  Yes.  I've  found  that  use- 
ful. 

There  is  a  paradigm  for  that  from 
Israel — reports  of  drowning  in  waters 
of  very  high  salinity.'  and  those  do 
lead     to     very     major     electrolyte 


changes.  But  that's  such  a  rare  cir- 
cumstance. 

1.  Yagil  Y.  Near  drowning  in  the  Dead 

Sea;  electrolyte  imbalance  and  thera- 
peutic implications.  Arch  Intern  Med 
1985:145:50. 

Durbin:  Do  you  reduce  the  immer- 
sion-time criterion  for  initiating 
resuscitation  in  the  elderly'?  You 
mentioned  that  the  elderly  don't  do 
as  well.  How  would  you  change 
your  management  in  this  popula- 
tion'.^ 

Nemiroff:  Well.  1  used  to.  1  used  to 
have  what  we  call  a  game  face,  and 
mv  game  face  was  pretty  sad  w  hen  I 
had  an  older  victim.  But  we've  had  a 
72-year-old,  30-minute  submersion 
with  full  recovery,  which  in  a  sense 
makes  us  very  uncomfortable 
because  it  makes  what  we  teach 
probablv  incorrect.  In  other  words, 
our  predictive  value  is  not  always  as 
good  as  we'd  like  it  to  be,  and  once 
again,  we  don't  know  enough,  and 
we're  learning  every  day. 
Haponik:  In  their  extensive  Aus- 
tralian experience  Pearn  et  al'  have 
commented  about  the  importance  of 
the  brief  time  to  first  gasp.  In  your 
extensive  series,  have  you  looked  at 
that  as  a  prognostic  factor? 

I.  Pcarn  JH.  De  Base  P.  Mohay  H. 
Golden  M.  Scqucniial  intellectual 
recovery  after  near-drowning.  Med  J 
Aust  1979;I(10):463-464. 

Nemiroff:  We  hav  e  no  data  on  that. 
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Smoke  Inhalation  Injun :  Some  Priorities 
for  RespiratoiT  Care  Professionals 

Edward  F  Haponik  MD 


Intruductiun 

The  \aried  respiratory  complications  caused  by 
smoke  inhalation  epitomize  the  clhiical  challenges 
that  confront  respiratory  care  professionals.  The 
presentations  and  management  of  upper-airway, 
tracheobronchial,  and  lung  parenchymal  injuries, 
their  combinations,  and  potential  superimposed  iat- 
rogenic problems  require  an  extensive,  practical 
knowledge  of  the  pathophysiology  of  this  injury 
and  of  basic  therapeutic  principles.  The  develop- 
ment of  systemic  collapse  due  to  asphyxiants  such 
as  carbon  monoxide  or  cyanide,  the  frequent  pres- 
ence of  cutaneous  bums,  and  the  added  vulner- 
ability conferred  by  coexisting  illnesses  require 
meticulous  attention  to  the  details  of  daily  care. 
Moreover,  adaptations  of  management  according  to 
the  rapidly  changing  needs  of  each  patient,  opti- 
mum use  of  current  technologic  support,  and  vig- 
ilant avoidance  of  iatrogenic  complications  are 
essential  priorities. 

Despite  the  frequency  and  gravity  of  smoke 
inhalation  injuries,  remarkably  few  reports  address 
the  demands  that  smoke  inhalation  injury  imposes 
upon  the  respiratory  care  practitioners  who  have  a 
central  role  in  its  management.  These  respon- 
sibilities may  range  from  intubation  and  resus- 
citation of  victims  at  the  scene  of  a  house  fire,  to 
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the  emergency  room  triage  of  victims  of  a  hotel 
contlagration  or  industrial  disaster,  to  assistance 
with  diagnostic  bronchoscopy,  to  performance  of 
pulmonary  function  testing,  to  arterial  blood  gas 
analysis  or  CO-oximetry.  to  safe  transportation  of 
the  patient  for  diagnostic  testing  or  emergency  sur- 
gery, to  optimization  of  mechanical  ventilator  man- 
agement of  multiple  changing  physiologic  derange- 
ments, and  to  avoidance  of  potentially  fatal 
nosocomial  pneumonia. 

The  degree  of  responsibility  imposed  upon  res- 
piratory therapists  in  meeting  these  diverse  chal- 
lenges inerits  particular  comment.  Although  in 
some  instances  the  respiratory  therapist  functions 
as  a  member  of  a  large,  well-integrated  multi- 
disciplinary  teain  (eg,  as  in  a  tertiary  care  center's 
burn  unit),  in  others  the  therapist  must  lead  man- 
agement efforts  because  he  or  she  possesses  the 
most  familiarity  and  experience  with  the  problem. 
The  acuteness.  pace,  and  unpredictability  of  poten- 
tially lethal  complications  and  the  tendency  of  fire- 
related  disasters  to  occur  during  night  or  early 
morning  hours  (coinciding  with  periods  of  reduced 
staffing  in  medical  centers)  all  ser\e  to  augment  the 
pressures  focused  upon  respiratory  care  profes- 
sionals. Coordination  of  respiratory  care  activities 
with  those  of  nursing  staff  and  primary  and  con- 
sulting physicians  is  essential  for  optimum  patient 
outcomes  but  sometimes  difficult  to  achieve. 
Finally,  appropriate  documentation  of  monitoring 
and  communication  of  details  of  each  patient's  res- 
piratory status  provide  important,  unique  perspec- 
tives that  enhance  overall  management. 

Magnitude  of  the  Problem 

Smoke  inhalation  is  a  worldwide  hazard  with 
potentially  lethal  consequences.'  '^  Despite  the  suc- 
cessful use  of  smoke  detectors  and  enhanced  pubHc 
awareness,  each  year  approximately  2  million  per- 
sons in  the  United  States  sustain  bums  requiring 
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medical  attention.'^  Approximately  4%  of  them  ulti- 
mately require  intensive  care  management,  and 
from  6  to  10  thousand  Americans  die  despite  such 
supportive  efforts.  Not  surprisingly,  smoke  inhala- 
tion injury  is  more  often  managed  in  urban  centers 
(20-359c  of  fire  victims)  than  in  rural  settings  (10- 
15%  of  individuals),  but  such  patients  are  encoun- 
tered in  virtually  all  respiratory  care  practices.*" 


Smoke 
Inhalation 


Pnevimonla 


Respiratory  ' 
DysfuncUon 


Sepsis  . 


Cutaneous 
Bums 


Wound 
Infection 


Fig.  1.  Major  interactions  occur  between  smoke  inhal- 
ation and  cutaneous  burn.  Each  of  these  problems  can 
lead  to  profound  respiratory  dysfunction.  Superimposed 
infections  of  the  lung  and  skin  can  lead  to  further  respi- 
ratory compromise.  (Reprinted,  with  permission,  from 
Reference  12.) 


Although  the  mortality  from  smoke  inhalation 
alone  is  low  (0-11%).  smoke  inhalation  in  com- 
bination with  cutaneous  burns  proves  fatal  in  30- 
90%  of  patients.  With  progress  in  the  management 
of  burn  shock,  renal  failure,  and  wound  sepsis,  res- 
piratory problems — inhalation  injurs  and  super- 
imposed pneumonia — have  emerged  as  the  major 
causes  of  death.  These  interactions  are  outlined  in 
Figures  1  and  2.''    '-  Recently  it  has  been  reported 


Smoke 
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i         ^ 
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Mechanical  Vcntllalion  ■ 


F*rolongcd  Hospitalization 
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Respirator^' 
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Fig.  2.  Several  nosocomial  problems  are  typically  super- 
Imposed  upon  the  potentially  lethal  interaction  between 
smoke  inhalation  injury  and  burns.  Therapeutic  modal- 
ities for  either  problem  may  have  adverse  effects  on  res- 
piratory dysfunction.  Prolonged  hospitalization  asso- 
ciated with  severe  injury  predisposes  to  still  further  res- 
piratory problems.  (Reprinted,  with  permission,  from 
Reference  12.) 


that  the  presence  of  inhalation  injury  increases 
mortality  by  20%  and  that  inhalation  injury  pre- 
disposes to  pneumonia.'-  '^  Pneumonia  indepen- 
dently increases  bum  mortality  by  40%.  and  the 
combination  of  inhalation  injury  and  pneumonia 
leads  to  a  60%  increase  in  deaths.''*  The  impact  of 
these  complications  is  most  apparent  in  individuals 
who  otherwise  who  would  have  been  expected  to 
survive  (uhen  prognoses  v\ere  estimated  on  the 
basis  of  the  extent  of  the  burns  alonei.'  Children'^ 
and  the  elderly'^  are  especiall\  vulnerable  to  these 
problems  because  of  limited  physiologic  reserve. 

In  Thompson  et  al's  major  review."*  patients 
with  smoke  inhalation  injury  had  a  50%  mortality 
compared  with  only  a  4.1%  fatality  rate  in  burn  vic- 
tims without  inhalation  injury.  Among  indixiduals 
who  require  mechanical  ventilatory  support  during 
bum  management,  nearly  two  thirds  have  sustained 
inhalation  injury;  the  need  for  such  support  has 
been  associated  with  a  92*^^  mortality.-'"  Prolonged 
hospital  stay  (with  an  approximate  2- week  exten- 
sion of  hospitalization)  and  associated  high  costs  of 
medical  care  (exceeding  S300  million  annually) 
add  to  the  personal  tragedies  seen  in  this  setting.'- 

Pathogenesis  of  Smoke  Inhalation  Injury 

Smoke  is  a  heterogeneous  product  and  can 
evolve  either  through  pyrolysis  (smoldering,  in  a 
low -oxygen  environment)  or  combustion  (burning, 
w  ith  visible  tlame.  in  an  adequate  oxygen  environ- 
ment). An  array  of  particulates  and  gases  is  gener- 
ated. \  arying  u  ith  the  composition  of  the  fuel  and 
other  factors,  and  represents  the  primary  cause  of 
respiratory  injury.-'-''  Contrar\  to  popular  belief, 
direct  lower  respiratory  tract  damage  is  seldom 
caused  by  heat  alone,  and  the  terms  "respirator) 
bums"  and  "burned  lung"  are  generally  misnomers. 
Catastrophic  upper-airway  injur\  can  sometimes 
occur  solely  due  to  thermal  effects,  but.  in  most  cir- 
cumstances, the  airways  are  remarkably  efficient  as 
a  "heat  sink."-  .An  important  clinical  exception  is 
associated  with  steam  inhalation.  Because  of  its 
increased  heat-carrying  capacity,  steam  can  cause 
true  thermal  pulmonary  damage.  Recently,  true 
lung  burns  have  also  been  found  in  association  with 
inhalation  of  the  crack  form  of  cocaine  and  ignition 
of  the  ether  \  chicle.-^ 
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Some  of  the  more  commonly  encountered  prod- 
ucts of  incomplete  combustion  are  outlined  in 
Table  l  .--'■-''■-'"  Carbon  monoxide  (CO)  and  acrolein 
are  particularly  noteworthy  in  residential  fires,  but 
there  has  been  increasing  appreciation  that  cyanide 
generated  from  nitrogen-containing  poi)niers  lias 
an  important  role  in  early  incapacitation  and/or 
mortality."''*  Cyanide,  a  cytochrome  poison,  has 
been  implicated  in  the  deaths  of  up  to  one  fourth  of 
smoke  inhalation  \ictims  in  some  series.  Most 
early  fire  deaths  are  believed  to  be  due  to  carbon 
monoxide  intoxication  (approximately  60-80'r) 
rather  than  to  cutaneous  burns  (approximatel\ 
11%).^''  Recognizing  tissue  hypoxia  caused  by  this 
gas  (despite  a  normal  or  high  arterial  oxygen  partial 
pressure,  PaO:)  requires  a  high  index  of  suspicion. 
CO,  v\  ith  its  affinity  for  hemoglobin  250  times  that 
of  oxygen,  leftward  shift  of  the  oxyhemoglobin  dis- 
sociation cur\e,  and  potential  effects  upon  cyto- 
chromes. markedl\  compromises  oxygen  transport 
and  utilization. 
Table  1 .     Common  Toxic  Gases  Generated  during  Fires* 


Source 


Product 


Polyvinylchloride  (PVC) 


Wool.  siUc.  nylon,  polyure- 
thane.  melamine  resins 

Nitrocellulose  illm.  fabrics 


Hydrogen  chloride. +  chlo- 
rine, phosgene,  carbon 
monoxide 

Hydrogen  cyanide, t 
ammonias,  isocyanates 

Oxides  of  nitrogen 


Wood,  cotton,  paper  petroleum       Acrolein. t  acetaldehyde, 

products  acetic  acid,  carbon 

monoxidet 


Fluorinated  resins 

Sulfur-containing  compounds 
Petroleum  products 


Hydrogen  fluoride,  hydro- 
gen bromide 

Sulfur  dioxide 

Benzene 


*Adapted.  « ith  permission,  from  Reference  6. 
tCommonly  implicated. 


Products  of  polyvinylchloride  (PVC)  pyrolysis 
also  are  important  offenders  because  of  the  ubiq- 
uity of  such  polymers  in  modem  construction  and 
furnishings.'"'  Intense,  but  unrecognized,  inhalation 
exposures  to  phosgene,  chlorine,  and  hydrochloric 


acid  may  occur  during  not  only  the  fire  itself,  but 
also  during  the  'overhaul'  or  cleanup  phase  after 
the  fire  has  apparently  been  extinguished.  Health 
professionals  involved  in  the  field  management  of 
smoke  inhalation  victims  must  also  recognize  the 
potential  for  .serious  personal  injury  during  this 
seemingly  safe  period  and  take  appropriate  pre- 
cautionary measures. 

Although  in  some  instances  the  particular 
offending  agent  may  be  obvious,  in  most  fires  pre- 
cise identification  of  the  nature  of  the  inhaled  toxin 
is  not  feasible.  The  heterogeneity  of  fire  scenarios 
also  hinders  efforts  to  develop  models  of  inhalation 
injury,  but  observations  in  a  number  of  experi- 
mental preparations  demonstrate  e\ents  that  are 
markedly  similar  to  clinical  observations  in 
humans.^*"''-^  Interestingly,  these  findings  also  para- 
llel pathogenesis  of  acute  lung  injury  in  other  set- 
tings. Inhalation  of  airway  irritants  results  in  direct 
mucosal  damage.  Depending  upon  the  concentra- 
tion of  the  agent,  its  water  solubility,  exposure  and 
duration,  anatomic  levels  affected  and  severity  of 
airway  injury  sustained  may  vary.-" '"  Inhalation  of 
gases  with  high  water  solubility  (eg,  ammonia,  sul- 
fur dioxide,  hydrogen  fluoride)  predisposes  to 
proximal,  upper  airway  injury.  B\  contrast,  agents 
with  lower  water  solubility  (eg,  hydrogen  chloride, 
chlorine,  phosgene,  oxides  of  nitrogen)  may  be 
more  insidious  in  their  clinical  presentation. 
Deeper  penetration  of  the  lung  may  be  more  likely 
to  produce  alveolocapillary  membrane  damage  that 
may  have  a  delayed  clinical  onset.  Most  inhaled 
irritant  gases  result  in  an  oxidant-mediated  epi- 
thelial injury,  with  associated  denudation  of  the 
epithelial  surface,  increased  permeability,  and 
acute  inflammation.'-  The  roles  of  lipid  per- 
oxidation and.  in  particular,  of  granulocyte  prod- 
ucts including  proteases  and  toxic  oxygen  free  rad- 
icals are  being  investigated  vigorously."'"''*^  Mod- 
ulation and  augmentation  of  these  cellular  events 
by  humoral  mediators  (including  complement, 
serotonin  and  histamine,  tumor  necrosis  factor, 
interleukins.  and  products  of  arachidonate  metab- 
olism) appear  to  be  important. ""'"^"'  The  hetero- 
geneity of  smoke  inhalation  injury,  its  acuteness, 
and  the  essential  focus  of  management  on  support 
of  the  patient  ha\e  hindered  delineation  of  the 
exact  roles  of  these  factors  in  humans.  Progress  in 
this  area  is  essential  for  development  of  worthwhile 
pharmacologic  interventions  in  the  future. 
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Major  physiologic  effects  of  acute  smoke  inhala- 
tion are  summarized  in  Table  2.'' '-  These  relatively 
nonspecific  e\ents  ha\e  direct  implications  for  the 
clinical  problems  that  must  be  addressed  at  the  bed- 
side. Reduced  thoracic  compliance  accompanies 
interstitial  and  alveolar  edema  and/or  extensive 
chest-wall  burn,  increases  work  of  breathing, 
presents  major  problems  in  mechanical  ventilation, 
and  markedly  increases  the  likelihood  of  baro- 
trauma. Acute  airway  inflammation  and  edema  are 
accentuated  by  increased  bronchial  blood  flow. 
Bronchorrhea  and  anatomic  airway  obstruction  by 
inspissated  casts  of  carbonaceous  material  mark- 
edly increase  requirements  for  suctioning  and  pre- 
dispose to  major  atelectasis.  Airway  resistance 
increases  not  only  from  such  mechanical  obstruc- 
tion but  also  from  bronchoconstriction;  the  clinical 
presentation  may  resemble  an  acute  asthma  attack. 
Physiologic  dead  space  is  increased  as  a  con- 
sequence of  inhomogeneous  ventilation.  Because 
acute  smoke  inhalation  also  results  in  the  immedi- 
ate inactivation  of  surfactant,^^  acute  micro- 
atelectasis  occurs  with  resulting  ventilation- 
perfusion  mismatch.''''  In  severe  injuries,  physio- 
logic shunt  leading  to  profound  hypoxemia  and 
acute  microvascular  injury  with  increased  trans- 
vascular  fluid  flux  produce  a  clinical  picture  of  the 
adult  respiratory  distress  syndrome  (ARDS).  Expe- 
rienced respiratory  therapists  will  recognize  that 
this  sequence  of  events  is  similar  to  manifestations 
of  acute  lung  injury  in  other  settings  and  probably 
represents  the  lung's  only  response  to  a  cata- 
strophic insult.  The  severity  of  each  of  these  prob- 
lems (together  with  their  interactions  with  the 
effects  of  coexisting  burns,  fluid  resuscitation,  and 

Table  2.     Physiologic  Effects  of  Acute  Smoke  Inhalation* 

Decreased  thoracic  compliancet 
Increased  bronchial  blood  flow 
Increased  airway  resislancet 
Increased  dead  spacet 
Surfactant  inactivationt 
Hypoxemia^ 

Increased  work  of  breathingt 
Pulmonary  hypertensiont 
Increased  lung  lymph 
Increased  lymph  protein 


Other  acute  or  chronic  illnesses)  markedly  increases 
the  challenges  and  hazards  of  inanagement. 

Major  Acute  Respiratory  Complications 

The  principal  respiratory  sequelae  of  smoke 
inhalation  and  bums  are  summarized  in  Figure  3 
and  Table  3.*''^'-  Recognition  of  separate,  but  often 

Table  3.  Major  Respirator^'  Complications  of  Burned  Patients* 

Inhalation  injuryt 
Asphyxia 
Hypoxia 

Carbon  monoxide,  cyanide  intoxication 
Direct  respiratory  injury 
Airw  ay  responses 

Upper-airway  obstruction 
Tracheobronchitis 
Bronchiolitis 
Atelectasis 
Alveolocapillary  membrane  injury 
(high  permeability  pulmonary  edema) 

Effects  of  cutaneous  bums 
Pulmonary  dysfunction 
Chest-wall  restriction  (eg.  circumferential  thoracic 

burns,  soft  tissue  edema) 
Upper-airway  compression  (eg.  circumlercnlial  cervical 

bums) 

Combined  smoke  inhalation  and  cutaneous  bums 

Concomitant  chest  trauma 

Nosocomial/iatrogenic  problems 

Hydrostatic  pulmonary  edema  (over-resuscitation) 
Pneumonia  (aerogenous.  hematogenous) 
Sepsis-related  permeability  edema 
Dmg  induced 

Hypoventilation  (eg.  morphine) 

Hyperventilation  (eg.  topical  mafenide) 
Pneumothorax 

Ventilator-induced  barotrauma 

Central  venous-access  procedures 
Pulmonary  embolism 
Complications  of  artificial  airways 
Aspiration 

Exacerbation  of  pre-existing  cardiopulmonary  disease 
Cardiogenic  pulmonarv  edema 
Chronic  obstructive  pulmonary  disease 


"Adapted,  with  permission,  from  References  6  &  12. 
tExperimenlal  models  and  burn  victims. 


♦Adapted  from  References  6.  7.  and  12. 

+  Predominaloly  due  to  smoke,  but.  in  selected  circumstances,  due  to 
direct  Iheniial  injury  (eg.  sleam  inhalation,  free-basing  explosions). 
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coexisting,  effects  of  asphyxia  (primarily  due  to 
CO  and  cyanide  intoxication),  airway  damage 
(both  upper  airway  and  tracheobronchial),  and 
injury  to  the  al\colocapillar_\  nicnibranc  (pui- 
monar>  edema)  pro\  ides  a  framework  for  man- 
agement priorities.  The  relative  frequencies  of 
these  problems  and  their  interactions  are  shiiwn  in 
Figure  3/''^'-  As  can  be  seen,  the  likelihood  of  com- 
bined respiratory  problems  increases  profoundly  in 
the  presence  of  cutaneous  burns,  accounting  for  a 
lethal  impact  that  appears  to  increase  in  a  syn- 
ergistic way. 


Cutaneous  Burn  Absent 


Cutaneous  Burn  Present 


(C)  Parenchymal  Injury 

(Pulmonary  Edema) 


(^  Asphyxia  (a)  Airway  Injury 

(Carbon  Monoxide!  (Pharyngeal 

Tracheobronchial) 

•,_J  Late  Onset  Problems 

(Pneumonia 
Pulmonary  Embolism) 

Fig.  3.  A  spectrum  of  upper-airway,  lower  airway,  ancj 
lung-parenchyma  respiratory  complications  may  accom- 
pany smoke  inhalation.  Their  frequency  and  interactions 
are  accentuated  in  the  presence  of  surface  burns. 
(Reprinted,  with  permission,  from  Reference  6.) 


Clinical  experience  has  suggested  that  the  rela- 
ti\e  likelihood  of  specific  respiratory  complications 
can  be  related  to  the  time  that  has  elapsed  since 
exposure  to  smoke  (Fig.  4).'''' '-  The  arbitrary  clas- 
sification of  problems  as  occurring  early  (during 
the  first  24  hours  after  inhalation),  intermediate  or 
delayed  (Days  1-5),  and  late  (beyond  5  days  after 
exposure)  is  practical  and  useful.  However,  it  must 
be  recognized  that  global  problems  may  coexist  at 
the  initial  presentation  of  severe  inhalation  injury. 
Moreover,  supervening  respirator)'  compromise  on 
the  basis  of  other  problems  (eg.  congestive  heart 
failure  with  cardiogenic  edema  due  to  myocardial 
ischemia,  overhydration  due  to  fluid  resuscitation, 
exacerbation  of  underlying  obstructive  lung  dis- 
ease, or  aspiration  pneumonia)  can  alter  this 
course.  CO  and  cyanide  intoxication,  acute  upper 
airway  obstruction  due  to  pharyngeal  edema,  and 
tracheobronchial    obstruction    are    typically    early 
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Fig.  4.  A  general  sequence  of  respiratory  complications 
has  been  identified  following  smoke  inhalation  and  can 
assist  in  establishing  diagnostic  and  therapeutic  prior- 
ities. See  text  for  details.  (Reprinted,  with  permission, 
from  Reference  7.) 


complications.  Alveolar  edema  may  occur  at  any 
time  after  exposure,  and  its  causes  vary  consid- 
erably. As  in  patients  with  other  acute  lung  injuries, 
nosocomial  pneumonia  and  pulmonary  embolism 
are  major  late-onset  problems:  predispositions  are 
similar  to  those  seen  in  other  patients  with  res- 
piratory failure,  but  are  accentuated  by  the  presence 
of  cutaneous  burns.  Finally,  major  atelectasis,  exac- 
erbation of  pre-existing  cardiopulmonary  disease, 
or  pneumothorax  ma_\'  occur  abruptly  at  any  time. 

Because  the  clinical  manifestations  of  these 
problems  (eg.  dyspnea,  altered  gas  exchange, 
reduced  thoracic  compliance)  often  may  o\erlap. 
appreciation  of  the  potential  causes  of  a  patient's 
acute  deterioration  and  prompt  diagnosis  and  ther- 
apy require  familiarity  with  this  natural  history. 
Interpretation  of  such  presentations  may  be  com- 
plicated further  by  effects  of  treatment:  for  exam- 
ple, narcotic  analgesics  may  markedl)  depress  ven- 
tilation, whereas  topical  antimicrobial  therapy  with 
mafenide  (Sulfamylon),  a  carbonic  anhydrase 
inhibitor,  or  the  late  onset  of  sepsis  may  increase 
minute  ventilation  in  the  absence  of  primary  lung 
injury.''^  Frequently,  the  recorded  bedside  observa- 
tions of  the  respiratory  therapist  are  key  in  dif- 
ferentiating among  possible  etiologies  as  a  patient's 
apparently  acute  decompensation  is  investigated. 

Acute  upper  airway  obstruction  (UAO)  occurs  in 
approximately  one  fifth  to  one  third  of  hospitalized 
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hum  \  ictims  with  inhalation  injury  and  is  a  major 
hazard  because  of  the  possibility  of  rapid  pro- 
gression of  mild  pharyngeal  edema  to  complete 
upper  airway  occlusion  with  asphyxia.^^-^^  While 
heat  and  the  effects  of  particulate  and  gaseous  com- 
bustion products  are  the  primary  factors,  additional 
predispositions  have  included  the  aspiration  of  hot 
liquids  (especially  in  children).''*'  flash  exposures 
(such  as  can  occur  during  the  priming  of  car- 
buretors with  gasoline)."''  and  ignition  of  pet- 
rolatum hair  products.''-  The  worsening  of  upper 
airway  edema  is  most  marked  in  supraglottic  struc- 
tures. Serial  nasopharyngoscopic  observations  dem- 
onstrate obliteration  of  the  aryepiglottic  folds,  ary- 
tenoid eminences,  and  interarytenoid  areas  by 
boggy  edematous  tissue  that  prolapses  to  occlude 
the  airway.'''''^  If  surface  bums  require  rapid 
administration  of  resuscitative  fluid,  these  changes 
can  be  accentuated.  Bums  of  the  neck  may,  espe- 
cially in  children,  cause  unyielding  eschars  that 
externally  compress  and  obstruct  the  airway.  As  in 
other  settings,  trauma  from  endotracheal  tubes 
(ETTs)  presents  yet  an  added  predisposition  to 
upper  airway  obstmction  in  this  setting.  Remark- 
ably, the  extent  of  danger  presented  by  these  prob- 
lems is  too  often  underestimated  by  the  inex- 
perienced. Some  patients  may  have  obvious  signs 
and  symptoms  heralding  upper  airway  com- 
promise, but  in  others  the  course  can  be  remarkedly 
insidious.  Tragically,  death  still  occurs  from  UAO 
despite  the  fact  that  it  has  been  noted  to  be  the  most 
treatable  of  respiratory  complications  of  smoke 
inhalation.'*-^'-^*'  Thus,  the  adage  "When  in  doubt, 
intubate"  remains  a  well-supported  guideline  in  this 
clinical  setting. 

Pulmonary  edema  may  be  multifacti>rial  in  its 
origin  (Fig.  4).  Noncardiogenic.  high-permeability 
ctleina  (ARDS)  may  result  from  alveolocapillary 
membrane  injury  b\  smoke,  but  contrary  to  popular 
belief  is  relatively  uncommon  after  smoke  inhala- 
tion or  cutaneous  burns  alone.  However,  severe 
smoke  exposures,  burn  shock,  infusion  of  blood 
products,  or,  in  particular,  the  late  onset  of  hos- 
pital-acquired sepsis  all  nui\  lead  to  ,ARDS.  Car- 
diogenic edema  and  overhydration  during  Huid 
resuscitation  or  surgical  procedures  are  other  well- 
recognized  hazards.  Severely  reduced  oncotic  pres- 
sure associated  with  protein  losses  from  large  sur- 
face bums  also  predisposes  to  alveolar  Hooding. 


and  it  has  been  recognized  that  mechanical  factors 
ma\  also  contribute  to  pulmonary  edema.  The  latter 
problem  has  been  associated  w  ith  acute  upper  air- 
uay  obstruction,  typically  identified  immediately 
after  its  relief  by  intubation  or  tracheostomy."''''' 

The  timing  of  pulmonary  edema  and  carefully 
sought  radiologic  clues  may  be  especially  helpful 
in  differential  diagnosis.^'  Estimates  of  lung  water 
have  been  of  experimental  interest  but  have  not  yet 
had  a  major  practical  role  in  resolving  this 
dilemma.™'^'  Permeability  edema  with  ARDS  due 
to  intense  toxic  gas  inhalation,  cardiogenic  edema, 
and  overhydration  edema  may  all  occur  as  early 
problems  (a  in  Fig.  4).  Hypervolemia  during  the 
period  of  remobilization  of  bum  edema  fluid  and 
overhydration  typically  have  a  later  onset  (b  and  c 
in  Fig.  4).  Late-onset  ARDS  in  patients  with  cuta- 
neous bums  is  most  often  caused  by  sepsis  (d  in 
Fig.  4).  Hemodynamic  monitoring  may  be  essential 
to  clarifying  these  problems  but  at  the  potential 
cost  of  infectious  complications. 

Diagnosing  .Acute  Inhalation  Injury 

The  diagnosis  of  inhalation  injury  is  generally 
based  on  the  recognition  of  the  spectmm  and  time 
course  of  'classic"  clinical  predictors  and  res- 
piratory problems,  and  the  selective  use  of  diag- 
nostic tests  (Table  4).'2-72-76  jj^j^.  coinplementary 
information  facilitates  early  diagnosis  and  design 
of  a  planned,  elective  approach  to  therapv  rather 
than  an  "after  the  crash"  approach. 

Clinical  Predictors 

The  history  of  exposure  in  a  closed  space,  often 
w  ith  unconsciousness  or  entrapment  of  the  victim, 
suggests  that  a  more  intense  inhalation  exposure 
has  occurred.  Altered  sensorium  can  be  associated 
with  acute  alcohol  or  drug  intoxication  but  should 
stronglv  suggest  sev  ere  hypoxemia.  CO  and/or  cya- 
nide intoxication,  or  coexisting  head  trauma.  The 
presence  of  any  respiratory  symptoms  and  signs 
nuisi  not  be  disregarded.  Hoarseness,  stridor, 
altered  v  oice.  painful  swallowing,  and  obvious  pha- 
ryngeal edema  on  physical  examination  are  espe- 
cially important  because  they  connote  acute  upper 
airway  obstruction.  Cough,  chest  pain,  or  hemopty- 
sis all  mav  signal  serious  illness.  Siizns  of  iiihala- 
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Table  4.    Major   Considerations    in    Clinical    Diagnosis    of 
Smoke  Inhalation  Injury* 

Spectrum  and  time  course  of  respiratory  problems 

Classic  clinical  predictors 

Exposure  characteristics 

Closed  space  setting,  entrapment 

Unconsciousness 
Known  inhaled  toxin 

Respiratory  signs  and  symptoms 
Facial,  cer\ical  burns 
Carbonaceous  sputum 

Objective  diagnostic  tests 

Measurement  of  asphyxiants  (carboxyhemoglobin,  cya- 
nide) 

Arterial  blood  gas  analysis 

Chest  radiography 

Direct  airway  observation  (laryngoscop>  or  nasopharyn- 
goscopy,  bronchoscopy) 

Radionuclide  scanning 

Pulmonary  function  testing  fvolume-time  curves,  complete 
flow-volume  curves) 


'  Adapted  from  References  6.  7.  and  12. 


tion  injury  are  less  often  present  at  the  time  of  pres- 
entation: but  cyanosis,  tachypnea,  stridor,  wheez- 
ing, and  crackles  should  be  regarded  as  indicators 
of  established  injury.  The  relative  frequencies  of 
these  signs  and  symptoms  vary  considerably 
among  published  reports,  largely  related  to  the 
nature  of  the  reporting  center  and  the  time  at  which 
patients  are  initially  evaluated. 

The  presence  of  facial  bums  is  a  'classic'  pre- 
dictor of  inhalation  injury  and  requires  special 
note.^^"^-  This  sign  has  only  a  variable  relationship 
to  respiratory  injury  because  of  the  \ery  high  fre- 
quency of  mild  facial  bums.  Among  all  "comers.' 
neither  the  positive  nor  negative  predictive  values 
of  facial  bums  are  sufficiently  high  to  diagnose  or 
exclude  serious  respiratory  damage.'"*  However, 
involvement  of  the  so-called  respiratory  area  of  the 
nose  and  lips  identifies  an  especially  hazardous  sit- 
uation that  must  be  recognized.  Such  a  distribution 
of  bums  marks  an  inability  to  escape  flame  and  is 


typically  associated  with  extensive  burns  and  the 
rapid  progression  of  upper  airway  edema.  This 
degree  of  facial  and  cervical  involvement  leads  to 
eversion  of  the  lips  and  immobilization  of  the  jaw. 
These  developments  markedly  limit  (and  even  pre- 
vent) opening  of  the  mouth,  and  may  preclude  even 
blind  intubation.  The  palient"s  inability  to  clear 
pooled  saliva  or  bedside  observation  of  worsening 
hoarseness,  sore  throat,  or  painful  swallowing 
should  suggest  progressing  pharyngeal  edema.  In 
some  individuals  without  obvious  stridor,  this  sign 
is  elicited  readily  by  ha\ing  the  patient  perform 
simple  panting  inaneu\ers.  As  noted  previously, 
with  large  bums  (and  large  requirements  for  tluid 
resuscitation),  the  rapid  evolution  of  upper  airway 
obstruction  makes  early  elective  endotracheal  intu- 
bation not  only  pmdent  but  mandatory.  The  expe- 
rienced respiratory  therapist  must  often  instruct 
physicians  in-training  about  the  extent  of  danger 
and  need  for  immediate  response. 

Carbonaceous  secretions  represent  another  clas- 
sic sign  of  smoke  inhalation  injury  that  is  a  less 
exact  predictor  of  the  presence  or  severity  of  injury 
than  is  popularly  believed.'-  Such  vi.scid  material 
may  be  an  important  cause  of  central  airway 
obstruction  or  atelectasis,  and  demands  mechanical 
airway  clearance.  Otherwise,  these  secretions 
should  be  regarded  as  a  marker  of  exposure  to 
smoke;  they  should  heighten  clinical  suspicions,  but 
they  do  not  establish  either  the  diagnosis  of  lung 
injury  or  its  prognosis. 

Laboratory  Studies 

During  acute  evaluations  performed  at  the  scene 
of  exposure  and  at  some  community  hospitals,  init- 
ial diagnosis  may  be  based  exclusively  upon  his- 
torical clues  and  physical  examination.  However, 
widely  available  diagnostic  tests  offer  valuable 
confirmatory  infomiation.  Respiratory  therapists 
are  generally  active  in  assisting  with,  performing, 
and/or  interpreting  these  assessments.  Moreover, 
when  transportation  of  the  patient  to  tertiary  cen- 
ters or  to  other  locations  in  the  hospital  is  nec- 
essary, the  therapist  is  typically  charged  with 
accompanying  unstable  individuals  and  assuring 
their  respirator^'  support. 

Carbon  monoxide  intoxication  is  a  major  early 
threat   to   smoke   inhalation   victims.   Although   a 
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number  of  available  tables  relate  clinical  signs  and 
symptoms  to  particular  arterial  carboxyliemoglobin 
(CX)Hb)  levels,  the  variability  among  patients  and 
the  importance  o\  this  information  requires  that 
(X)Ilb  measurements  be  matie  in  every  smoke 
inhalation  victim.'-  These  results  are  intluenced  by 
the  time  elapsed  since  exposure  and  the  empiric 
oxygen  therapy  that  one  hopes  has  already  been 
administered  to  inhalation  victims  in  the  field  and 
during  transport  to  the  medical  facility.  Identifying 
elevated  COHb  levels  is  not  only  key  to  evaluation 
and  therapy  of  carbon  monoxide  intoxicatit)n.  but 
also  may  implicate  important  exposures  to  other 
toxic  products  (eg.  cyanide,  methemoglobin).**'  It 
should  be  appreciated  that  the  estimates  of  hemo- 
globin-oxygen saturation  interred  from  nomograms 
and  arterial  blood  gas  analyses  are  often  misinter- 
preted in  this  setting;  CO-oximetry  is  necessary  to 
assess  the  true  arterial  oxygen  saturation  (SaO:)  and 
carboxyhemoglobin  saturation  (COHb%).  It  is 
important  to  note  that  pulse  oximetry  cannot  be 
relied  upon  to  guide  this  aspect  of  diagnosis 
because  pulse-oximetry  saturation  overestimates 
SaO:  in  the  presence  of  COHb.^"*  Rapid  assessment 
of  cyanide  concentration  is  possible  using  com- 
mercially available  kits. 

Despite  their  limitations,  arterial  blood  gas  analy- 
ses do  yield  additional  essential  information  in 
smoke  mhalalion  \ictims.  Hypoxemia  and  uidenetl 
alveolar-arterial  oxygen  gradients  are  often 
observed  in  patients  (with  or  without  cutaneous 
burns)  and  guide  therapy. '^^■'*"  Because  delayed 
hypoxemia  often  occurs,  early  measurements  of 
oxygenation  at  the  lime  of  clinical  presentation  rep- 
resent an  insensiti\e  indicator  of  injury,  and  do  ni>t 
accLMalel\  predict  outcome. '■  Although  normal 
PaO:  does  not  assure  that  the  patient  will  have 
stable  respiratory  status,  the  presence  of  hypoxemia 
should  suggest  that  significant  inhalation  injury  has 
occurred  and  ret|uires  further  serial  assessment. 

Numerous  focal  and  diffuse  radiographic  abnor- 
malities have  been  ob.served  alter  smoke  inhalation 
(Fig.  S),**'  *""  but  the  chest  radiograph  is  another  rel- 
atively insensitive  indicator  of  pulmonary  injury. 
Most  adinission  chest  radiographs  are  normal  or 
reveal  (i)flen  in  retrospect)  only  mildl\  accentuated 
interstitial  markings  or  subsegmental  atelectasis. 
Early  pulmonary  edema  is  uncommon,  and  some 
may  consider  it  acceptable  to  reser\e  chest  x-rays 


for  hospitalized  patients.  However,  such  studies 
may  also  help  to  exclude  other  thoracic  injuries  and 
pro\ide  a  baseline  for  follow-up  assessment.  As  in 
other  patients  with  acute  lung  injuries,  .serial  chest 
radiographs  often  proside  ke\  information  oth- 
erwise not  a\ailable.  Thus,  despite  a  relatively  low 
diagnostic  yield,  chest  x-rays  are  advi.sed  for  every 
.symptomatic  patient  who  has  inhaled  smoke.'*'^ '*"  Rou- 
tine review  of  the  patient's  serial  chest  films  by  the 
respiratory  care  practitioner  and  the  managing  phy- 
sician provides  important  perspectives,  comple- 
ments bedside  observations,  and  ma\  add  another 
dimension  to  care. 


Fig.  5.  At  one  extreme  the  chest  roentgenogram  may 
demonstrate  diffuse  aveolar  disease  that  Is  associated 
with  shunt-related  hypoxemia  as  seen  in  this  figure.  Most 
often,  however,  the  admission  roentgenogram  is  normal. 
(Reprinted,  with  permission,  from  Reference  12.) 

Direct  airway  visualization  is  an  essential  com- 
|ionenl  of  the  respiratory  assessment."""''  and  is 
facilitated  b\  the  wide  a\ailabilil\  oi  fiberoptic 
bronchoscopes  and  nasopharyngosct)pes.  Several 
clinical  investigations  ha\e  shown  that  the  pre- 
diction of  the  presence  of  a  comprt)mised  upper  air- 
way solcl_\  on  ihc  basis  of  clinical  data  is  iniinccise 
and  may  lead  to  erroneous  determmalions  thai 
either  a  paticni  is  m  no  danger  or  that  potentially 
lethal  obstiiiciion  is  eminent.  Endoscopic  examina- 
tion obviates  the.se  problems  and  ma\  help  to  avoid 
disastrous  enors  in  management.  .A  spectrum  of 
cxtramucosal  and  mucosal  abnormalities  is  .seen 
readily.  In  general,  these  findings  precede  dcvelop- 
mcnl  of  abnormalities  in  arterial  blood  gases  or 
chest   radiographs.    In   experienced   hands   and   in 
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carefully  LH)ntniilcii  clinical  settings,  hronchoscdpic 
complications  aic  unusual  in  adults.  Moico\cr, 
serial  procedures  to  assess  the  upper  airway  may 
provide  helpful  information.*^  Typically,  supra- 
glottic  damage  is  more  severe  than  infraglottic 
injury.  Because  of  its  immediate  implicati(Mis  for 
airway  support,  the  upper  auua\  examination  is  an 
essential  component  of  the  assessment  of  smoke 
inhalation  victims  (Fig.  6).  Although  true  laryn- 
gospasm.  se\ere  vocal  cord  edema,  and  mechanical 
glottic  compromise  by  secretions  and  cinders  may 
be  observed  occasionally,  in  most  patients  it  is  the 
edema  of  supraglottic  structures  that  is  especially 
striking.  Although  complete  bronchoscopy  is  often 
performed,  the  implications  of  inflammation  seen 
during  lower  airway  examination  are  less  clear.  An 
inflamed,  soot-covered  tracheobronchial  tree  is 
seen  frequently,  but  such  nonspecific  findings  have 
had  only  variable  relationships  to  concomitant  lung 
parenchymal  damage,  clinical  outcomes,  or 
requirements  for  mechanical  ventilation.''"'  and  have 
uncertain  implications  for  management  decisions. 
Nevertheless,  at  many  centers  the  presence  of  endo- 
bronchial abnormalities  is  the  final  criterion  estab- 
lishing that  significant  inhalation  injury  has 
occurred. 


Fig.  6.  Upper-airway  visualization  is  essential  in  symp- 
tomatic patients  with  smoke  inhalation.  With  early  injury, 
edematous  supraglottic  mucosa  Is  the  predominant  find- 
ing. (Reprinted,  with  permission,  from  Reference  12.) 

Bronchoscopy  has  other  potentially  important 
clinical  and  investigative  applications  in  this  set- 
ting. When  chest  percussion  and  postural  drainage 
prove  to  be  either  unsuccessful  or  technically  infea- 
sible  because  of  the  presence  of  chest-wall  burns. 


therapeutic  bronchoscoin  mas  become  necessar\ 
to  remove  copious  inspissated  secretions."  In  other 
patients  with  upper  airway  compromise,  bron- 
choscopic  techniques  may  facilitate  difl'icult  Intu- 
bations; the  endoscope  is  used  as  a  stylet  over 
which  the  endotracheal  tube  is  passed.'"''"^  Before 
cMubation.  serial  bronchoscopic  evaluation  may 
contribute  to  assessment  of  upper  airway  status. 
Preliminary  observations  have  suggested  that  bron- 
choalveolar  lavage  (BAL)  can  enhance  the  early 
diagnosis  of  smoke  inhalation  injury  and  has  prog- 
nostic value.'''*'""  The  optimum  clinical  appli- 
cations of  BAL  in  this  setting  are  not  yet  defined; 
at  present.  BAL  remains  a  research  tool. 

Radionuclide  scans  have  also  been  used  to  detect 
inhalation  injury.'"'  '"'  Inhomogeneous  uptake  of 
tracer,  with  segmental  retention  and  delayed  clear- 
ance, may  be  fttund  and  often  precedes  develop- 
ment of  radiographic  abnormalities.  In  some  series 
these  findings  correlate  with  mortality  from  inhala- 
tion injury.  Intravenous  methods  (xenon  133)  gen- 
erally are  preferred,  but  are  less  widely  u.sed 
because  of  requirements  for  the  radiopharma- 
ceutical, technical  support  staff,  and  the  predoin- 
inant  roles  of  other,  simpler,  and  more  readily 
available  tests.  False-positive  results  from  radio- 
nuclide scans  can  be  expected  to  occur  in  patients 
with  pre-existing  chronic  obstructive  lung  disease 
or  other  lung  parenchymal  disease  unrelated  to  inha- 
lation injury. 

Simple  pulmonary  function  tests  are  perhaps  the 
most  underutilized  tools  in  the  diagnosis  of  smoke 
inhalation,  but  represent  one  of  the  most  sensitive 
means  of  establishing  the  diagnosis.'"'*  Obstructive 
ventilatory  defects  occur  early  and  precede  radio- 
graphic and  blood  gas  abnormalities.  Not  suipris- 
ingly.  such  physiologic  changes  are  accentuated  in 
the  presence  of  cutaneous  burns.  Restrictive  ven- 
tilatory defects  accompany  large  burns,  chest-wall 
involvement,  fluid  retention,  and  markedly  reduced 
oncotic  pressure.'""*'"*  Nonnalization  of  these 
physiologic  changes  tends  to  parallel  clinical 
improvement.  In  addition  to  conventional  spirom- 
etry (time- volume)  and  peak  flowrate  determina- 
tion (tests  that  are  easily  adapted  to  the  emergency 
situation),  flow- volume  curves  generated  with  port- 
able equipinent  are  useful  (Fig.  7).  Not  only  are 
inspiratory  and  expiratory  rates  reduced,  but  abnor- 
mal patterns  of  complete  flow-volume  curves  also 
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Fig.  7,  Abnormal  flow-volume  curves  demonstrating  saw- 
tooth patterns  and  variable  extrathoracic  airway  obstruc- 
tion may  be  early  manifestations  of  smoke  intialation 
injury.  (Reprinted,  with  permission,  from  Reference  63.) 

may  be  seen.  Patterns  i)f  \ariable  and  fixed  extra- 
thoracic  obstruction  may  be  present:  their  severity 
has  not  onl\  correlated  w  ith  but  often  has  preceded 
endoscopically  \'isualized  upper  airway  abnormal- 
ijjgg  6.^,64  jj^g  serial,  combined  use  of  physiologic 
testing  and  fiberoptic  nasopharyngoscopy  may 
greatly  facilitate  accurate  identification  of  patients 
with  acute  inhalation  injury.'''  Serial  charting  of 
peak  tlou  measurements  by  the  respiratory  ther- 
apist (eg.  twice/shift)  can  provide  useful  mon- 
itoring for  nonintubated  patients,  but  no  large  expe- 
rience has  been  reported.  Importantly,  the  presence 
of  completely  normal  time-\oiume  and  tlovv- 
volume  curves  (at  the  time  of  the  patient's  pres- 
entation, within  hours  of  exposure  to  smoke)  has  an 
exceedingly  high  negati\e-predictive  value,  and 
makes  it  very  unlikely  that  the  patient  will  require 
endotracheal  intubation  for  inhalation  injury.'" 

The  use  of  these  diagnostic  tests  varies  consid- 
erably with  institutional  resources  and  philosophies 
about  management.  In  general,  the  respiratory  care 
practitioner  has  a  central  role  in  effectively  imple- 
menting clinical  algorithms  for  management  and 
monitoring  and  in  dealing  with  the  practical  imped- 
iments to  these  plans  that  occasionally  inay  ari.se. 
At  our  institution  we  believe  that  CO-o\imetry.  vis- 
ualization of  upper  airway  anatomy,  arterial  blood 
gas  analysis,  and  chest  roentgenograms  are  essen- 
tial to  evaluation  of  ail  smoke  inhalation  victims. 
Abnormalities  in  results  Ironi   such  studies  have 


obvious  implications  for  management,  but  normal 
results  do  not  absolutely  exclude  clinically  sig- 
nificant respirator)  damage.  Lovver  airway  endos- 
copy, radionuclide  scans,  and  physiologic  measure- 
ments complement  initial  studies  and  provide 
definitive  and/or  helpful  information.  It  should  be 
emphasi/cd  that  the  vulnerability  of  patients  with 
evolving  smoke  inhalation  injury  does  not  permit 
the  luxury  of  electively  performing  all  of  these 
tests.  Emergency  treatment  of  a  patient  with  clin- 
ically obvious  respiratory  distress  must  not  be 
deferred  pending  laboratory  confirmation.  How- 
ever, with  appropriate  advance  preparation,  a  com- 
prehensive evaluation  can  be  pertbrmed  in  a  timelv 
way  and  is  easily  merged  with  (and  guides)  emer- 
gency therapy.  Clearly,  the  respiralorv  care  practi- 
tioner has  a  central  role  in  this  multidiscipiinarv 
approach  to  patient  care. 

Managing  Patients  with  Smoke 
Inhalation  Injury 

Therapeutic  principles  of  respiratory  care  that 
have  been  validated  in  other  clinical  settings  have 
been  applied  successfully  to  patients  with  smoke 
inhalation.  In  general,  maintenance  of  a  low  thresh- 
old for  suspecting  supervening  compiicatiiMis. 
meticulous  attention  to  detail  in  order  to  avoid  iat- 
rogenic problems,  and  an  active  dialogue  among  all 
those  involved  in  the  patient's  care  are  essential  to 
effective  inter\entions.  Maintaining  the  airway, 
assuring  tissue  oxygenation,  using  mechanical  ven- 
tilation for  hypoventilatory  failure,  mechanically 
clearing  the  airway,  and  administering  selected 
pharmacologic  adjuncts  are  important  aspects  of 
respiratory  care  (Table  .^).  Numerous  uncertainties 
about  nuances  of  management  make  this  an  impor- 
tant  and   potcnliallv    productive   area   for  clinical 


Airway  Issues 

As  emphasi/cd  prcv  iouslv.  earlv  elective  endo- 
tracheal intubation  tor  established  or  impending 
UAO  is  an  essential  standard  of  care. ^^'*'^-  The  opti- 
mum approach  v  aries  w  ith  local  resources.  Because 
of  the  high  potential  for  traumatic  exacerbation  of 
L'AO  during  intubation  attempts  (perhaps  too  often 
made  by   the   least   experienced   members  of  the 
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Table  5.    Therapeutic  Priorities  in  Patients  with  hihiilaiicm  In- 
jury 


Respiratory'  Problem 


Response 


Asphyxia 

Upper  ainvay  obstruction 

Lower  airway  obstruction 
Mild 


Severe  (with  hypo- 
ventilatOPt'  failure) 

Parench\nial  injury 

Mild 


Severe  (with  hypox- 
emic failure) 


Oxygenate  and  pro\  ide 
antidotes 

intubate  electi\ely  early 
(rarcls  tracheotomy) 

Institute  pulmonary  toilet 

Provide  bronchodilators  and 
occasionally  therapeutic 
bronchoscopy 

Ventilate  mechanically 


Supplement  O;  (low  Fio: 
\  ia  prongs  or  mask) 

Supplement  O:  (high  Fio:  via 
endotracheal  tube) 

Increase  lung  volume  with 
CPAP  or  PEEP 

Minimize  ongoing  alveolo- 
capillary  leak  (experi- 
mental use  of  anti- 
oxidants) 

Adjust  volume  composition 
and  infusion  rates  of 
resuscitative  fluid 


management  team),  intubation  must  be  perfonned 
by  a  trae  expert  in  airway  maintenance."  It  ha.s 


been    estabiisiied    that    tracheotomy. 


107-109 


partic- 


ularly in  the  presence  of  cutaneous  bums,  is  fraught 
with  hazard,  especially  due  to  infection.  Accord- 
ingly, this  procedure  is  now  reserved  for  situations 
when  an  airway  cannot  be  established  otherwise  or 
for  patients  who  require  prolonged  mechanical  ven- 
tilatory support. 

The  route  of  endotracheal  intubation  varies 
according  to  anatomic  limitations  and  the  skills  of 
the  intubator.  Appropriate  pulmonary  toilet  in  the 
presence  of  large  volumes  of  viscid  materials  gen- 
erally requires  the  largest  ETT  feasible  for  a 
patient,  but  the  presence  of  pharyngeal  edema  may 


markedly  limit  the  size  of  the  tube  that  can  be  read- 
il\  placed.  We  favor  an  orotracheal  route  whenever 
possible.  In  the  presence  of  circumoral  burns,  oral 
intubations  have  been  associated  with  lip  contrac- 
tures, and  nasotracheal  intubation  has  been  rec- 
ommended. However,  this  route  imposes  additional 
limitations  on  tube  size,  and  thus  affects  suctioning 
and  follow-up  bronchoscopic  examinations.  For  all 
these  reasons,  selection  of  an  appropriate  tube 
remains  highly  individualized.  Rapid  sequence 
intubation  is  essential  in  this  clinical  setting;  as 
noted  previously,  bronchoscopy  may  facilitate  dif- 
ficult intubations.  It  should  be  appreciated  that  fatal 
hyperkalemia  has  been  associated  with  use  of  suc- 
cinylcholine."" '"  When  intubation  is  performed 
after  the  first  8-12  hours,  nondepolarizing  muscle 
relaxants  are  recommended.'" 

Once  artificial  airways  have  been  placed,  they 
must  be  managed  meticulously  to  minimize  the 
likelihood  of  synergistic  airway  damage  produced 
by  the  tube  and  previously  injured  tracheal  mucosa. 
Close  monitoring  (and  limitation)  of  cuff  pressures 
becomes  a  priority  of  preventive  management. 
Observations  in  small  series  suggest  that  the  upper 
airway  and  trachea  inflamed  by  smoke  may  be 
more  vulnerable  to  superimposed  mechanical  and 
tube-cuff  trauma."-"""'  Thus,  compulsive  mon- 
itoring (and  recording)  of  ETT  position,  its  stabil- 
ity, and  cuff  pressures  is  essential. 

Appropriate  securing  of  an  ETT  (which  may 
have  been  difficult  to  place)  is  a  major  practical 
issue.  A  Tost"  airway  too  often  occurs  even  in  con- 
trolled settings  of  the  operating  room  and  bum  or 
intensive  care  units.  The  degree  of  upper-airway 
edema  that  is  typically  present  by  this  time  often 
precludes  reintubation.  Although  emergency  trach- 
eotomy is  the  obvious  response  to  this  airway  dis- 
aster, it  is  noteworthy  that  in  one  recently  pub- 
lished series  all  of  the  bum  patients  in  whom  emer- 
gency tracheotomies  had  been  performed  for  this 
indication  died.'"  In  their  extensive  experience, 
Clark  and  co-workers"*'  noted  a  remarkably  high 
frequency  of  self-extubations,  with  this  problem 
occun-ing  in  7  of  42  patients  with  smoke  inhalation 
and  surface  bums.  This  frequency  was  significantly 
higher  than  that  in  bum  patients  without  smoke 
inhalation  injury.  In  the  presence  of  se\ere  facial 
and  pharyngeal  edema,  an  ETT  change  (eg,  as  after 
a  large  cuff  leak)  must  be  regarded  as  a  major, 
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risky  procedure,  aiul  niusi  he  pcrtoniictl  b\  the 
most  experienced  personnel  available.  Advance 
preparations  for  bronchoscopy  or  tracheotomy 
should  they  become  necessary  are  components  of 
this  strategy. 

.Approaches  to  securing  the  FTT  vary  among 
institutions  and  with  the  ingenuity  of  respiratory 
care  personnel  and  nursing  staff.  Surprisingly  few 
data  identify  the  optimum  approach  in  this  setting, 
and  this  represents  one  area  in  v\hich  clinical  inves- 
tigation could  make  considerable  impact.  In  the 
presence  of  facial  burns.  adhesi\e  tape  may  cause 
further  trauma;  moreover,  with  a  typical  wet 
\vt)und.  assuring  proper  adherence  is  a  practical 
prt)blem.  Umbilical  tape  has  been  especially 
faNored.  but  a  variety  of  helmets,  halo  traction 
de\  ices.  adhesi\e-backed  tapes,  twill  tapes.  Velcro 
straps,  and  other  de\  ices  ha\e  been  used  to  secure 
the  airway  (and  yet  a\()id  traumatizing  the  patient) 
in  the  presence  of  facial  burns  and  grafts.'"' 
Despite  these  measures,  self-extubation  still  occurs 
too  frequently  and  has  been  attributed  to  the  tech- 
nical difficulties  of  securing  the  tube,  patient  agita- 
tion, and  the  requirements  for  nuning  the  patient 
during  burn  wound  and  other  nursing  care.  As  in 
other  situations,  particular  vigilance  during  patient 
transport  is  mandatory. 

Acute  upper-airway  edema  typically  resohes 
during  the  initial  48  to  72  hours  after  injury.'^  In 
patients  whose  respiratory  problems  are  limited  to 
this  anatomic  site,  early  extubation  is  usuall\ 
accomplished  easily.  More  prolonged  intubation  is 
usually  dictated  by  the  patient's  needs  for  mechan- 
ical \  entilation  and/or  positive  end-expiratory  pres- 
sure (PHEP)  administration  for  hypoventilatory  or 
h\'po\cmic  respiratory  lailure.  anticipated  short- 
term  needs  for  surgery  requiring  general  anes- 
thesia, persistent  neurologic  d\  sfunction.  or  for  any 
uncertainty  about  the  status  of  the  airway.  Most 
often,  when  the  patient  has  been  intubated  solely 
for  upper-airway  maintenance,  the  tube  is  removed 
empirically  on  the  third  or  fourth  da\ .  .Serial  endos- 
copy may  help  to  assess  the  status  of  the  airway, 
but  validated  criteria  for  safe  extubation  ha\e  not 
been  established.  We  have  found  that  visualization 
of  a  "glottic  chink"  with  a  patent  airway  lumen 
immediately  adjaceni  to  the  HTT  suggests  (but 
does  not  guarantee)  that  sale  extubation  is  feasible. 
The  \alue  of  this  stratei:\.  hov\e\er.  has  not  been 


established.  Inferring  resolution  ot  u|iper-airway 
edema  from  measurements  of  air  leak  and  peak  air- 
way pressure  w  hen  the  ETT  cuff  has  been  deflated 
or  from  tidal  tlow  measurements  might  be  useful. 
but  data  derived  specifically  from  burn  patients  are 
needed. 

As  in  other  settings,  extubation  is  too  often 
underestimated  by  physicians  as  a  minor  event. 
This  attitude  courts  disaster  in  patients  with  smoke 
inhalation  and  bums.  Appropriate  provisions  for 
emergency  airway  suppt)ri  following  a  possibly 
unsuccessful  extubation  attempt — -eveiy  extubation 
attempt — are  essential.  Postextubation  stridor  may 
be  managed  successfully  with  inhalation  of  racemic 
epinephrine,  but  reintubation  is  often  necessary.  A 
number  of  adjunctive  modalities  have  been  used 
for  acute  upper-airway  support. ^^  but  intubation 
remains  the  standard  of  care.  Continuous  positive 
airway  pressure,  administration  o\'  helium-oxygen 
mixtures,  or  cricothyrotomy  with  jet  ventilation 
may  have  roles  in  persons  who  cannot  readil_\  be 
reintubated.  but  there  is  little  documented  expe- 
rience in  bmii  \ictims.  Each  of  these  modalities 
will  place  obvious,  immediate  demands  upon  the 
respiratory  therapist.  Advanced  preparations  (and 
appropriate,  standardized  protocols)  are  essential  to 
timely  responses.  In  one  recent  report,  the  use  of 
helium-oxygen  mixtures  proved  quite  useful  in 
reducing  postextubation  respiratory  distress  scores 
among  pediatric  tratima  patients,  most  o\'  whom 
had  burns."  Therapists  should  recall  that  proper 
Howineters  are  needed  for  use  oi  heliox.  and  that 
requirements  for  high  oxygen  concentration  in 
those  patients  with  severe  hypoxemia  limits  its  use- 
fulness."^ Other  aspects  of  the  management  of 
upper-airw a\  complications  of  thermal  injur)  have 
been  reviewed  recently.^'* 

()x\}jenati<»n  and  \  entilation 

To  assure  tissue  oxygenation,  appropriate  focus 
must  be  placed  upon  tissue  oxvgen  delivery  and  not 
merelv  on  the  maintenance  of  an  acceptable  PjO:- 
The  importance  of  asphyxia  due  to  carbon  monox- 
ide and  cyanide  has  been  emphasized  previously. 
Accordingly,  administration  oi'  the  highest  oxygen 
concentrations  feasible  from  the  time  of  earliest 
evaluation  in  the  field  assmiies  the  highest  priority. 
'fliis  iherapeulic  opportunitv   is  still  too  frec)uently 
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overlooked.  The  optimum  application  of  hyperbaric 
therapy  for  management  for  carbon  monoxide 
intoxication  is  addressed  elsewhere  in  this  sym- 
posium."'' and  has  been  rc\ieued  recentl\  in  a 
major  consensus  conference.'-"  Although  there  is 
considerable  agreement  that  in  the  presence  of  ele- 
vated COHb  levels  (eg,  >  30%),  neurologic  dys- 
function, and/or  underlying  cerebro\ascu!ar  and 
cardiovascular  disease,  hyperbaric  oxygen  is  indi- 
cated in  patients  with  acute  smoke  inhalation,  con- 
siderable controversy  exists.'-"'-'  This  manage- 
ment decision  presumes  that  the  chamber  is  imme- 
diately a\ailable.  suitable  transportation  exists,  and 
appropriate  oxygen  administration  is  not  deferred 
or  delayed  pending  arrangements  for  hyperbaric 
oxygen.  In  many  instances,  smoke  inhalation  vic- 
tims have  already  experienced  marked  reduction  or 
normalization  of  COHb  levels  by  the  time  of  their 
arrival  at  an  emergency  room.  Whether  hyperbaric 
oxygen  is  of  benefit  in  reducing  the  likelihood  of 
delayed  neurologic  sequelae  in  these  individuals  is 
unclear.  The  presence  of  cutaneous  bums  and 
requirements  for  acute  fluid  resuscitation  further 
influences  decisions  regarding  a  'dive.' 

Increased  appreciation  of  cyanide  intoxication 
and  its  possible  synergistic  effects  with  carbon 
monoxide  have  led  to  increasing  consideration  of 
empirically  administering  antidotes  to  patients  at 
risk.-'''''  It  has  not  been  established  that  this 
approach  is  Justified  for  all  individuals.  Persistent 
elevations  of  serum  lactate  provide  another  marker 
of  cyanide  intoxication  following  smoke  inhalation. 
In  settings  in  which  cyanide  is  known  to  be  present, 
elevated  serum  levels  (>  0.2  g/L),  or  the  persistence 
of  altered  neurologic  status,  or  metabolic  acidosis 
despite  the  lowering  of  elevated  COHb  levels  have 
been  advocated  as  criteria  for  antidote  use.  In  one 
regimen,  amyl  nitrite  is  administered  initially,  fol- 
lowed bv  intravenous  sodium  nitrite  generating 
cyanomethemoglobin:  subsequently,  intravenous 
sodium  thiosulfate  is  given  to  produce  thiocyanate, 
which  is  eliminated.-'-'" 

As  vv  ith  other  acute  respiratory  injuries,  frequent 
monitoring  of  arterial  blood  gases  is  essential  to 
guiding  modifications  of  oxygen  and  ventilator 
therapy.  In  the  presence  of  cutaneous  burns  and 
related  burn  shock,  tissue  delivery  may  be  mark- 
edly   compromised,'-"*    and    management    of   the 


patient's  oxygenation  is  necessarily  merged  with 
what  are  frequently  imposing  requirements  for 
intravenous  fluid  resuscitation  and  hemodynamic 
support.  The  oittinuun  apprt)ach  to  a  fluid  replace- 
ment regimen  that  minimi/es  the  likelihood  of 
alveolar  flooding  is  unclear,  and  speciflc  institu- 
tional approaches  are  based  upon  adjustments  to 
standard  formulas.'-''"'-^  It  is  important  to  note  that 
patients  with  cutaneous  burns  and  inhalation  injurv 
generally  receive  fluid  approximately  359f  in 
excess  of  the  requirements  predicted  on  the  basis  of 
their  burns  alone.'-'*'-''  Although  it  has  been  sug- 
gested that  limitation  of  this  fluid  administration 
might  spare  the  lung,  burn  mortality  is  higher  with 
under-resuscitation.'-^'"'  More  data  are  needed  to 
clarify  an  optimum  approach. 

Adjustments  of  supplemental  oxygen  and  PEEP 
in  patients  with  hypoxemic  respiratory  failure  must 
take  into  consideration  changes  in  hemodynamic 
status.  Although  it  has  been  claimed  that  pro- 
phylactic use  of  PEEP  has  protective  effects  in 
patients  with  smoke  inhalation,''-  this  has  not  been 
established  in  a  prospective  study.  PEEP  is  admin- 
istered therapeutically  as  in  patients  with  ARDS 
due  to  other  etiologies,  recruiting  lung  units  and 
sparing  requirements  for  high  concentrations  of 
oxygen."'-'''"' 

Mechanical  ventilation  is  used  for  hypo- 
ventilatory  respiratory  failure  as  in  other  clinical 
circumstances.  Despite  the  recent  availability  of 
innovative  ventilatory  techniques,  few  published 
reports  delineate  the  role  of  such  techniques  in 
patients  with  smoke  inhalation  and/or  burns.  Many 
theoretical  advantages  might  be  proposed  to  benefit 
the  diverse  lesions  of  inhalation  injury,  but  proof 
establishing  the  superiority  of  newer  technical 
options  in  this  setting  is  unavailable.  The  risks  of 
barotrauma  in  patients  with  smoke  inhalation  favor 
modes  that  minimize  airway  pressures.  In  a  single 
recent  report,"^  high  frequency  percussive  ventila- 
tion was  associated  w  ith  a  lower  occurrence  of  nos- 
ocomial pneumonia  and  a  higher  survival  than  that 
predicted  from  historical  controls  in  patients  com- 
pletelv  managed  at  one  burn  center.  Unfortunately, 
no  prospective  controlled  investigation  is  yet  avail- 
able that  documents  an  optimum  approach  to 
mechanical  ventilation  in  this  population.  Like- 
wise, approaches  to  weaning  patients  from  the  ven- 
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tilator  also  tend  to  van'  considerably  among  institu- 
tions and  with  locally  established  practices,  u  ith  no 
consensus  on  a  best  technique. 

Mechanical  Measures 

Mechanical  airway  clearance  is  an  essential 
component  of  respiratory  management  of  patients 
with  smoke  inhalation  but  may  be  difficult  to 
achieve. '■**•'■"  Chest  percussion  and  postural  drain- 
age aiui  an  appropriate  use  of  positioning  to  a\  oid 
atelectasis  and  dependent  pneumonias  are  impor- 
tant contributions  to  care.  Often,  howe\er.  the  pres- 
ence and  distribution  of  surface  bums  limits  these 
maneuvers  and  may  lead  to  a  reduced  threshold  for 
therapeutic  bronchoscopy.  Although  they  are 
increasingly  available,  the  role  of  specialty  beds  in 
managing  these  patients  with  injurs  has  nt)t  >et 
been  defined.'''^  Sterile  foam  rubber  pads  ha\e 
been  used  in  an  effort  to  protect  escharotomy  and 
skin-graft  sites  during  vibratory  therapy  in  patients 
with  surface  bums,  but  attention  to  appropriate 
analgesia  during  these  maneuvers  is  too  often  over- 
looked. .Although  there  is  no  firm  documentation  of 
the  efficacy  of  chest  physiotherapy  in  patients  with 
smoke  inhalation  and/or  burns,  this  modality  has  an 
established  role  in  standard  regimens. 

The  risk  of  exacerbating  e\ohing  upper-airway 
obstmction  may  prohibit  suctioning  an  unintubated 
patient.  Once  again,  clear  recognition  of  the  danger 
and  objecti\e  definition  of  the  status  of  the  upper 
airway  are  key.  In  intubated  patients,  hemoptysis 
and  exacerbations  of  hypoxemia  may  occur.  There 
must  also  be  a  heightened  awareness  of  the  risk  of 
nosocomial  pneumonia  and  the  need  for  meticulous 
observation  of  aseptic  technique  in  an  effort  to  mini- 
mize this  lethal  complication.  Usually  due  to  gram- 
negative  bacilli,  pneumonia  superimposed  upon 
inhalation  injury  augments  mortality  by  60%;'"* 
treatment  is  especially  difficult  because  of  com- 
promised host  defenses  and  the  vimlencc  of  hos- 
pital-acquired pathogens  resistant  to  many  drugs. 
Thus.  pre\ention  of  this  |iroblcni  altogether  is  the 
first-line  approach. 

Pharmatol()}>it  .Adjuncts 

.Surprisingly  few  data  address  inhalation  therapy 
in  patients  with  smoke  inhalation,  and  this  repre- 


sents another  area  in  which  clinical  investigation  is 
greatly  needed.  Humidification  is  an  accepted  com- 
ponent of  supportive  care.  Prophylactic  aerosolized 
antibiotics,  aerosolized  mucolytics,  and  expector- 
ants have  all  been  used  in  patients  following  smoke 
inhalation  injur\:  \et.  there  is  little  proof  of  their 
\alue  in  this  setting.  In  patients  with  tracheo- 
brt)nchial  obstruction,  inhaled  and  parenteral  bron- 
chodilators  ha\e  been  employed  with  \arying 
response.  .Although  there  are  anecdotal  observa- 
tions of  improvement,  particularly  in  patients  with 
pre-existing  obstructive  lung  disease,  the  response 
to  these  modalities  in  smoke  inhalation  injury  has 
not  been  established. 

Because  of  the  inflammatory  nature  of  acute 
smoke  inhalation,  there  has  been  considerable 
interest  in  the  modification  of  the  inflammatory 
response  and  of  humoral  mediators  identified  in 
animal  models  of  smoke  inhalation  and  burns.'"'"'''' 
Although  there  is  considerable  optimism,  sufficient 
evidence  does  not  exist  to  support  use  of  anti- 
oxidants, free  radical  scavengers,  or  other  anti- 
inflammatory agents  in  humans.  Systemic  treat- 
ment with  conicosteroids  has.  in  the  past,  been 
advocated  for  treatment  of  smoke  inhalation.''*"'"''*'' 
The  clinical  improvement  of  small  numbers  of 
patients  with  irritant  gas  injuries  (especially  due  to 
oxides  of  nitrogen)  had  suggested  that  this 
approach  might  help  to  pre\enl  residual  bron- 
chiolitis iibliterans.  Howe\er.  prospective  inves- 
tigations in  patients  with  inhalation  injurs  and 
burns  have  demonstrated  an  increased  mortalitv 
due  to  infection  among  steroid-treated  patients.  In 
the  presence  of  significant  cutaneous  bums,  ster- 
oids should  be  avoided.  Whether  short-term  therapy 
might  he  beneficial  in  patients  uiih  smoke  inhala- 
tion injurv  alone  is  less  clear:  there  are  no  com- 
pelling data  to  support  their  general  use.  Most 
authorities  suggest  that  steroids  be  reserved  for  the 
treatment  of  severe  bronchospasm  unresponsive  to 
other  bronchodilator  therapy,  espcciallv  when 
smoke  inhalation  has  been  superimposed  upon  pre- 
existing airways  disease.  Some  have  advocated 
short-term  steroid  administration  in  patients  with 
severe  upper-airway  obstruction,  particularly  after 
a  failed  extubation  attempt,  but  objective  data  are 
needed  to  support  this  application.  Although  a 
variety  of  organic  acids  may  contribute  to  inhala- 
tion injury,  there  is  no  indication  tor  the  therapeutic 
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lavage  of  the  lung  with  buffer  solutions.  Thus,  in 
the  absence  of  definiti\  e  therapy  that  addresses  the 
fundamental  respiratory  injury,  treatment  strategies 
must  focus  upon  the  vigorous,  albeit  nonspecific, 
support  of  established  physiologic  derangements, 
anticipation  (and  recognition)  of  the  expected  chn- 
ical  presentations  of  inhalation  injury,  and  axoid- 
ance  of  the  superimposed  iatrogenic  problems  that 
may  frequently  complicate  the  course. 

Long-Term  Effects 

The  results  of  such  vigorous  acute  supportive 
tiierapy  may  be  especially  gratifying:  Although 
some  residual  respiratory  dysfunction  may  persist, 
most  patients  with  isolated  smoke  inhalation  exper- 
ience remarkably  complete  resolution  of  their  acute 
illness.^  Among  chronic  sequelae  of  inhalation 
injury  and  its  management,  however,  are  several 
problems,  including  subclinical  airtlow  obstruction 
(with  airways  hyperreactivity),  chronic  bronchitis, 
tracheal  stenosis  (for  the  most  part  a  complication 
of  airway  management),  bronchiectasis,  bronchial 
stenosis,  bronchiolitis  obliterans,  pulmonary  fibro- 
sis, and  tracheobronchial  polyps.  (Of  these  prob- 
lems, tracheal  stenosis  relates  directly  to  the  quality 
of  acute,  supportive  care  and  has  special  implica- 
tions for  respiratory  care  practitioners.)  Each  of 
these  problems  may  present  with  either  acute  exac- 
erbations of  clinical  illness  or,  more  often,  the 
insidious  development  of  respiratory  complaints 
during  convalescence.  As  with  the  acute  injury,  a 
high  index  of  clinical  suspicion  is  necessary  for 
appropriate  recognition  and  intervention. 
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Hapunik  Discussion 

Thompson:  When  I  send  home  kids 
on  oxygen  whose  parents  smoke,  I 
always  tell  the  parents  that  with 
100%  oxygen,  a  polyvinylchloride 
(PVC)  cannula  can  ignite  and  give 
off  enough  phosgene  gas  to  kill  the 
kid.  Do  you  think  Fm  lying? 
Haponik:  This  may  get  the  job  done, 
I  guess,  but  I'm  unaware  of  any  data 
to  support  this  suggestion. 
Thompson:  What's  your  opinion? 
Do  you  need  a  lot  of  PVC,  a  lot  of 
phosgene  gas  .  .  .? 

Haponik:  I  don't  know.  I  do  agree 
that  the  recommendation  to  stop 
smoking  is  the  best  message  the  res- 
piratory care  practitioner  can  provide. 
Educating  parents  about  the  proven 
risks  of  passive  smoke  to  their  chil- 
dren may  provide  compelling  reasons 
to  quit  when  a  smoker  may  not  quit 
to  protect  his  or  her  own  health. 


Rodriguez:  Does  soot  inhalation  or 
inhalation  of  other  hot  particulate 
matter  cause  particular  problems  or 
require  different  treatment  than  that 
of  other  bums? 

Haponik:  Generally  not,  although 
certainly  in  some  individual  patients 
particulates  can  create  problems.  In 
some  patients  in  addition  to  insidious 
upper  airway  obstruction,  you  can  see 
mechanical  upper  airway  obstruction 
from  the  presence  of  hot  cinders. 
Sometimes  such  material  in  the  prox- 
imal trachea  may  cause  true  focal 
burns  there.  1  think  a  major  unre- 
solved question  relates  to  the  poten- 
tial for  these  particulates  to  increase 
the  residence  time  of  adsorbed  gases 
and  potentially  result  in  more  severe 
chemical  injury.  I  think  this  is  spec- 
ulative in  people,  but  it's  a  concern. 
Certainly  we  don't  like  the  appear- 
ance of  these  secretions,  and  patients 
without  substantial  respiratory  injury 


sometimes  expectorate  them  for  2  to 
3  weeks.  My  main  difficulty  is  in 
dealing  with  the  \oluine  of  these 
secretions,  their  potential  inspissa- 
tion,  and  the  problems  that  present 
for  airway  clearance  and  possible 
resultant  atelectasis. 
Durbin:  You  showed  a  slide  in 
which  you  implied  that  the  rate  at 
which  one  fluid-resuscitated  burn 
patient  correlated  with  the  amount  of 
airway  edema.  I  wasn't  sure  if  that 
was  cause  and  effect  or  if  you  were 
really  describing  two  groups  of 
patients,  those  who  required  more 
rapid  versus  less  rapid  resuscitation 
due  to  hemodynamic  changes. 
Haponik:  That's  precisely  what  we 
saw,  and  those  patients  tended  to 
have  larger  body-surface-area  burns 
with  a  larger  resuscitative  fluid 
requirement.  Interestingly,  those  dif- 
ferences in  bum  size  between  groups 
were  not  statistically  significant.'  It 
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surprised  us  as  well  that  it  was  the 
fluid  administration  rate  and  not  the 
bum  extent,  but  1  don't  lliink  we 
should  overemphasize  that  because  of 
the  small  size  of  the  study  groups.  I 
think  this  finding  just  more  or  less 
confirms  the  long-term  clinical  obser- 
vations that  during  fluid  resusci- 
tation one  sees  very  rapid  evolution 
of  the  upper  airway  edema.  This  pace 
has  ob\ious  implications  for  early 
intubation. 

1.  Haponik  EF.  Mc\ers  DA.  Munstcr 
A.M.  Smith  PL.  Britt  EJ,  Wise  RA.  et 
al.  Acute  upper  airway  injury  in  burn 
patients:  serial  changes  o(  tlow- 
volunie  cur\es  and  nasopharyngos- 
copy.  Am  Re\  Rcspir  Dis  1QS7:I.^.5: 
360-366. 

Thompson:  K  the  "Rule  of  9"  still 
used  to  estimate  body-surface-area 
bums?  As  you  remember,  this  is  the 
rapid  guide  to  estimate  the  extent  of  a 
burn: 


Hand  &  neck 
Hand  &  arm  ( 1 ) 
Foot  &  leg  ( 1 ) 
Anterior  trunk 
Posterior  trunk 
Perineum 


9^r  of  BSA 
W(  of  BSA 
1 8-^;^  of  BSA 
IH'f  of  BSA 
1 8^:^  of  BSA 
1 7c  of  BSA 


In  children,  the  proportionately 
greater  surface  area  of  the  head 
makes  the  calculation  inaccurate. 
Haponik:  Yes  it  is,  but  1  ihmk  that  in 
looking  at  the  whole  subject  of  resus- 
citation and  sorting  out  the  fiuid 
requirements  in  these  patients,  we've 
seen  major  progress.  Cioffi  and  Pruitt 
in  a  recent  review'  have  extensively 
summarized  this,  and  particularly  the 
relationship  of  surface-area  burn  to 
the  prediction  of  fluid  requirements. 


1 .  Ciciffi  WG.  Pruitt  BA  Jr.  Resuscitation 
of  the  palicnl  with  inhalation  injury. 
In:  Haponik  EF.  Munster  AM.  eds. 
Respiratory  injur>':  smoke  inhalation 
and  burns.  New  York:  McGraw  Hill. 
1990. 


Thompson:  Do  they  still  teach  that  if 
age  plus  the  body-surface-area  burn 
is  greater  than  100.  the  mortality  goes 
up  quite  a  bit? 

Haponik:  Yes,  they  do.  and  1  think 
that's  a  very  realistic  way  to  think 
about  it  and  to  teach  our  trainees. 
Interestingly.  Heimbach'  at  Seattle 
and  a  number  of  other  investigators- ' 
have  looked  now  at  the  disasterous 
outcomes  of  a  combination  of  surface 
burns  in  the  elderly.  Interestingly,  the 
LAsu,  body-surface-area  burn  causing 
509^  mortality  in  the  elderly,  is  only 
about  57c — a  phenomenalh  low 
body-surface-area  burn  in  compari- 
son to  the  much  higher  LA^,,  (257c)  in 
persons  who  are  less  than  60  years 
old.  That  experience  also  showed  an 
increased  likelihood  of  pulmonary 
edema  in  those  patients  relatively 
early  on  in  the  course,  suggesting  a 
sensitivity  to  fluid  resuscitation  in  the 
presence  of  pre-existing  compro- 
mised cardiac  function.  It  may  also 
be  related  to  potential  sensitivity  to 
toxic  oxygen-radical-nicdialed  injury. 
The  heightened  mortalitv  in  liic  cld- 
erlv  is  a  major  current  problem. 


1 .  .•\nous  MM.  Heimbach  DM.  Causes  of 
death  and  predicUirs  in  burned  patients 
more  than  60  years  of  age.  J  Trauma 
1986:26:1.35-139. 

2.  Manktelow  A,  Meyer  AA.  Herzog  SR. 
Peterson  HD.  Analysis  of  life  expec- 
tancv  and  living  status  of  elderly 
patients  surviving  a  bum  injury.  J 
Trauma  1989:29:203-207. 

3.  Baux  S.  Minioun  M,  Saade  H.  I.iorei 
N.  Estcve  M.  Nolland  XR.  el  al.  Burns 
in  theelderlv.  Burns  1989:l.S:2.^9-24(). 


Stoller:  Could  you  commcni  on  the 
role  of  irachciistomv  and  (he  impact 
of  upper  airvvav  burns  on  the  init- 
iation of  tracheostomv  v  ersus  leaving 
the  oral  endotracheal  tube  in  place? 
Haponik:  As  this  group  recognizes, 
the  tlavs  of  placing  tracheostomies  in 
these  patients  early  on  arc  fortunately 
long  past.  The  increased  likelihood  of 


nosocomial  pneumonia  and  pul- 
monary sepsis  related  to  the  trach- 
eostomy tube  itself,  together  with  the 
potential  risks  for  tube-related 
trauma,  really  prohibit  that  strategy. 
We  see  increasing  use  of  endo- 
tracheal (ET)  tubes  and  tubes  in 
place  for  longer  periods  of  time.  As 
in  other  clinical  settings,  it's  really 
problematic  as  to  how  long  is  too 
long.  If  there  is  appropriate  mon- 
itoring of  the  tube,  use  extending  out 
to  2  weeks  and  then  pushing  even 
beyond  toward  3  weeks  is  supported 
by  worthwhile  data.  Gene  Colice  has 
previously  reported  the  problem  of 
tracheostomy  and  ET-tube-related 
injuries  in  these  patients.'  Certainly 
that's  a  major  long-term  sequela  for 
us  to  avoid.  Lund  and  co-workers" 
also  looked  at  the  problem  of  trach- 
eostomy-related  and  ET-tube-related 
injury.  I  don't  have  a  firm  answer  for 
you.  in  terms  of  an  outer  limit  for 
duration  of  ET  intubation,  and  I 
think  there  are  many  local  views  on 
that  issue.  Who  should  get  an  initial 
tracheostomy?  I  think  it  comes  back 
to  the  indications  that  we  heard  ear- 
lier this  moming:  patients  in  whom 
establishing  an  upper  airway  truly  is 
infeasible  otherwise  end  up  com- 
prising the  bulk  of  them. 

1.  Coliee  GL.  Munster  AM.  Haponik 
EF.  Tracheal  stenosis  complicating 
cutaneous  burns:  an  underestimated 
problem.  Am  Rev  Respir  Dis  19S6: 
1.^4:1315-1318. 

2.  Lund  T.  Goodwin  CW.  MeManus 
WF.  Shirani  KZ.  .Stallings  RJ.  Mason 
.•\D  Jr.  ct  al.  Upper  airway  sequelae  in 
burn  patients  requiring  endotracheal 
intubation  or  tracheostomy.  Ann  Surg 
1985:201:374-382. 

(iaivin:  1  realize  v\e"re  going  to  hear 
this  tomorrow  with  the  presentation 
on  hvperbaric  tlierapv.  but  could  you 
coiiuiient  briellv  on  v\ hat  criteria  vou 
believe  need  to  be  met  to  implement 
or  utilize  hvperbaric  treatment' 
Haponik:  1  kept  tVom  putting  up  a 
slide  outlining  Hugene  Robin's  piece 
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in  Chesl'  a  tew  years  ago:  this  gener- 
ated a  phenomenal  series  of  letters  to 
the  editor.  Considering  the  contro- 
versies involved,  do  1  belie\e  hyper- 
baric oxygen  is  useful  in  these  indi- 
viduals'? Yes.  1  do.  in  a  carefully 
selected  subset  of  patients  with  car- 
bon monoxide  poisoning.  My  prob- 
lem is  in  sorting  out  which  patients.  1 
didn't  show  a  slide  outlining  rela- 
tionships of  \ar\ing  carboxyhemo- 
gk)bin  levels  to  clinical  s\'mptoms. 
There  is  a  lot  of  variability,  and  I 
ha\e  difficult}'  interpreting  some  of 
those  data.  Use  of  psychometrics.  as 
described  in  experience  from  Balti- 
more,- provides  additional  important 
information  for  assessing  a  patient 
early  on  for  hyperbaric  oxygen.  To 
me  the  major  indication  is  the  pres- 
ence of  neurologic  sequelae:  The 
patient  who  is  comatose  on  presenta- 
tion or  with  other  profound  neuro- 
logic dysfunction  is  in  the  subset  who 
may  benetlt  from  hyperbaric  oxygen 
therapy.  That  approach  presumes  that 
the  facility  is  immediately  available: 
and  that  the  oxygen  therapy  is  going 
to  be  appropriately  administered 
while  the  patient's  in  transport.  Anec- 
dotally.  I'm  aware  of  situations  in 
which  conventional  high-concen- 
tration oxygen  administration  was 
omitted  during  all  the  planning  for 
getting  a  patient  to  the  hyperbaric 
facility  for  the  'di\e.'  If  the  victim 
had  been  appropriately  treated  with 
high  concentrations  of  oxygen  from 
"the  word  go.'  the  problem  would 
have  been  obviated.  Now.  that 
doesn't     address     the     controversial 


issue  of  delased  neurologic  sequelae. 
What  about  that  patient  who  has  a 
low  carboxyhemoglobin  level  at  the 
time  of  clinical  presentation'?  Does 
that  individual  require  a  dive  any- 
way? It'd  be  interesting  it)  hear  some 
impressions  and.  more  importantly, 
the  related  data.  1  belie\e  hyperbaric 
t)xygen  can  be  an  important  adjunct 
in  some  individuals,  but  I  think  it's  a 
relatively  small  segment  of  the  group 
of  patients  with  smoke  inhalation,  at 
least  from  the  skewed  \iew  of 
patients  whom  1  see:  those  patients 
who  have  high  COHb  levels,  together 
with  neurologic  sequelae,  or  con- 
comitant cerebrovascular  or  cardio- 
vascular disease.  I  hope  that  comes 
close  to  what's  suggested  tomorrow, 
but  we'll  see. 

1.  Gabb  G.  Rdhin  ED.  Hyperbaric  oxy- 
gen: a  therapy  in  search  of  diseases. 
Chest  1987:92(6):  1074- 1082. 

2.  Myers  R.\.  Britten  JS.  Are  artenai 
hlood  gases  of  value  in  treatment  deci- 
sion for  carbon  monoxide  poisoning? 
Grit  Care  Med  1989:17:139-142. 

Weaver:  I'm  speaking  tomorrow, 
and  basically  that's  pretty  much  what 
I'm  going  to  say.  The  bottom  line,  in 
my  ow  n  mind,  after  treating  well  over 
100  patients  with  hyperbaric  oxygen 
for  carbon  monoxide  poisoning,  is 
that  1  don't  think  I  know  which 
patient  benefits  from  it.  Time  is  most 
likeK  an  important  variable,  based  on 
animal  studies  with  brain  lipid  per- 
oxidation injury.'  A  prospective 
blinded  trial  needs  to  be  performed.  I 
will   actually   present  that   argument 


tomorrow.  One  comment  that  1  think 
is  pertinent  to  carbo\\hemoglobm 
level,  is  that  there  ha\e  been  two  clin- 
ical studies,  one  by  Myers  at  Bal- 
timorc"  that  has  clearh  demonstrated 
the  carboxyhemoglobin  level  does  not 
correlate  with  signs  and  symptoms, 
and,  in  fact,  the  carboxyhemoglobin 
half  life,  which  you  all  who  take 
anesthesia  and  critical  care  boards 
know  and  have  learned  to  remember, 
is  really  not  as  you  learned  it  in  clin- 
ical poisoning.  That's  a  manifesta- 
tion of  the  laboratory  experiment.  In 
clinical  poisoning,  the  carboxyhemo- 
globin half  life  is  unpredictable.' 
and.  in  fact,  was  longer  in  some 
patients  who  received  hyperbaric 
oxygen,  in  some  instances,  than  in 
those  who  did  not — presumably 
because  of  stores  of  carbon  monox- 
ide other  than  hemoglobin.  So.  the 
bottom  line  is  that  the  carboxy- 
hemoglobin level  only  tells  you  that 
they  were  exposed  and  does  not  tell 
you  the  degree  of  poisoning.  So  you 
need  to  treat  the  patient,  not  the 
level. 

1 .  Thom  SR.  Carbon  monoxide-med- 
iated hrain  lipid  peroxidation  in  the 
rat.  J  Appl  Physiol  1990:68:997-1003. 

2.  Myers  RA.  Britten  JS.  Are  arterial 
blood  gases  of  value  in  treatment 
decision  for  carbon  monoxide  poison- 
ing? Crit  Care  Med  1989:17:139-142. 

3.  Myers  RA.  Jones  DW.  Britten  JS. 
Carbon  monoxide  half-life  study.  In: 
Kindwall  EP.  ed.  Proceedings  of  the 
8th  International  Congress  on  Hyper- 
baric Medicine.  San  Pedro  CA:  Best 
Publishina.  1984:263-266. 
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Egan's  Fundamentals  of  Respira- 
tory Care.  5th  ed.  edited  by  Craig  L 
Scuni;in  FdD  RRT.  Charles  B  Spear- 
man B.S  RRl ,  and  Richard  L  Shel- 
don MD.  Hardcover,  illustrated. 
1,037  pages.  St  Louis:  CV  Mo-sby 
Co,  1990.  $34.95. 

I've  never  really  cared  for  general 
textbooks.  Perhaps  in  the  Age  of  the 
Renaissance,  when  all  we  had  was  a 
smattering  of  knowledge  in  every 
field,  such  textbooks  would  have 
been  good  reference  books.  Today, 
however,  if  you  need  a  comprehen- 
sive source  you  must  turn  to  texts 
that  specialize  in  certain  aspects  of 
certain  fields:  this  is  certainly  the 
case  in  the  field  of  respiratory  care. 
Nonetheless,  there  is  still  a  need  for 
general  textbooks;  for  instance,  they 
are  useful  for  first-year  students  and 
for  those  who  are  preparing  for  reg- 
istry exams.  (The  real  problem  as  1 
see  it  is  that  there  are  too  many  gen- 
eral textbooks  and  not  enough  spe- 
cialty textbooks!) 

In  reviewing  Egan's  Fundamen- 
tals, I  will  simply  "walk  through" 
the  text  (36  chapters  organized  into  S 
sections)  and  make  comments  as  I 

g«- 

Section  1:  Foundations  of  Res- 
piratory Care  begins  with  a  chapter 
(nt)t  found  in  the  last  edition)  that 
attempts  to  give  the  reader  an  under- 
standing of  the  'big  picture"  of  health 
care.  This  should  he  helpful  for  new 
students  (and  for  certain  practitioners 
who  might  be  afflicted  with  tunnel- 
vision).  The  second  chapter  deals 
\\\\h  the  basic  functioning  of  a  respi- 
ratory care  department.  Although 
this  chapter  is  improved  in  the  5ih 
edition,  ii  siiil  mas  not  bo  thai  help- 
ful for  most  managers  because  it's 
too  general  and  it  is  not  really  appli- 
cable for  students  or  practitioners. 

Section  II:  Scientific  Basis  for 
Respiratory  Care — Do  you  know 
how   to  proiHHiiK'e  the  v\ord  ■■gyne- 


cology" correctly'.'  You  will  if  you 
read  Chapter  3  in  this  section,  a  new 
chapter  on  terms,  symbols,  and  units 
of  measure.  The  next  chapter  on 
physical  principles  is  much  improved 
over  the  last  edition  and  includes  a 
number  of  new  illustration:  however. 
I  would  appreciate  a  better  explana- 
tion of  how  some  entrainment 
devices  use  Benmulli's  principle 
while  others  use  shearing  forces  to 
entrain  fluids.  The  final  chapter  in 
Section  II  (Solutions,  Body  Fluids, 
and  Electrolytes)  devotes  less  space 
to  atomic  structure  and  calculations 
and  more  to  explanations — a  helpful 
change  in  my  opinion. 

Section  III;  Applied  Life  Sci- 
ence— Chapter  6  on  respiratory  anat- 
omy contains  a  description  of  pre- 
and  postnatal  development  of  the  res- 
piratory system.  In  the  manner  of 
general  textbooks,  however,  it  pro- 
vides only  a  cursory  look  at  this  fas- 
cinating aspect  of  human  develop- 
ment. 

Chapter  7,  The  Cardio\ascular 
System,  is  nicely  done,  complete  w  ith 
a  k)t  of  new  illustrations.  The  last  edi- 
tion spent  a  lot  of  time  on  EKGs — 
this  edition  co\ers  EKGs  in  a  differ- 
ent section  and  spends  more  time 
with  descriptions  and  explanations  of 
the  cardiovascular  s\stem  itself.  Ven- 
tilation (Chapter  8)  emphasizes  phys- 
iology more  than  anatomy  (unlike  the 
last  edition)  and  appropriately  places 
a  greater  emphasis  on  work  of  breath- 
ing. Section  III  concludes  with  chap- 
ters on  gas  exchange  and  transport 
and  acid-base  balance  as  opposed  to 
only  one  chapter  on  these  subjects  in 
the  previous  edition.  Although  some 
topics  are  inadequately  covered  (eg, 
HbO:  dissociatii>n  curve)  and  others 
are  overemphasized  (eg.  Head's  par- 
adoxic refiex),  these  chapters  are 
nicely  done. 

Section  IV:  Essentials  lor  Patient 
Care — All  four  of  the  chapters  in  this 
section  are  new.  Chapters  12  ami  14 


in  this  section  (legal/ethical  implica- 
tions and  infection  control)  are  sim- 
ilar to  the  two  chapters  in  Burton's 
Respiratory  Care  on  the  same  sub- 
jects. The  other  two  chapters  ( 1 1  and 
13)  are  Health  Communication  and 
General  Patient  Care;  the  former  is  a 
bit  superfluous,  and  I  believe  the  lat- 
ter is  too  general  to  be  useful  to  the 
practitioner. 

Section  V:  The  Need  for  Res- 
piratory Care  begins  with  a  chapter 
on  basic  cardiopulmonary  dysfunc- 
tion: parts  are  almost  exactly  the 
same  (word-for-wiird)  as  in  the  pre- 
\ious  edition,  but  it  is  impro\ed.  The 
next  chapter.  Physical  Assessment  of 
the  Patient  (Chapter  16).  is  new; 
although  it  is  brief  (\irtually  skip- 
ping the  importance  of  patient  his- 
tory), it  is  still  a  helpful  addition. 
The  next  two  chapters  are  m\  least 
favorite  in  the  entire  hook;  the  chap- 
ter on  pulmonary  function  testing  is 
much  too  brief  and  the  chapter  on  x- 
rays  is  almost  useless.  When  com- 
pared with  the  pre\ious  edition,  the 
PET  chapter  has  been  changed  only 
slightly  and  the  x-ray  chapter  is 
exactly  the  same.  Wh>  is  it  that  v\e 
can't  seem  to  produce  a  decent  mon- 
ograph on  x-ray  interpretation?  This 
section  ends  with  a  synopsis  of  car- 
diopulmonary disease  that  amounts 
to  little  more  than  a  listing  of  various 
disorders. 

Section  VI:  Basic  Therapeutics 
begins  with  pharmacology;  besides 
slimming  down  a  bit  and  adding  one 
new  illustration,  this  chapter  has 
changed  little.  Interestingly,  there 
has  been  a  re\  ersal  of  opinion  on  aero- 
solized aminophylline  since  the  last 
edition,  and  it  seems  that  the  authors 
are  a  bit  more  enthusiastic  about  sat- 
urated solutions  of  potassium  iodide 
(SSKI)  and  acetylcysteine  than  is 
probably  warranted.  The  other  chap- 
ters in  this  section  are  fairly  well 
done  (1  did  notice  that  the  anode  and 
cathode   in   a  fuel  cell   analyzer  are 
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reversed).  I  am  happy  to  see  that  the 
author  of  the  chapter  on  humidit\ 
therapy  leaves  out  the  jet  humid- 
ifier— current  textbooks  would  be 
significanth'  shorter  if  we'd  onl\  get 
rid  of  the  antiquated  information  (has 
anyone  used  cyclopropane  recently 
to  put  people  to  sleep?).  Another 
chapter  in  this  section  co\ers  emer- 


gency life  support,  a  subject  that  was 
not  covered  in  the  last  edition.  For 
the  most  part,  it  contains  useful 
information  for  both  the  student  and 
the  practitioner. 

Section  VII:  Care  of  the  Critically 
111  is  a  tremendous  improvement 
over  the  last  edition.  However,  there 
are  still  problems:  for  example,  cov- 
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ering  neonatal  and  pediatrics  in  40 
pages — it  can't  be  done,  so  why  try? 
In  the  chapter  on  mechanical  ventila- 
tion, the  author  couldn't  decide 
between  "triggering"  or  "cycling"  to 
describe  initiating  a  breath:  however, 
he  did  do  a  nice  job  of  distinguishing 
between  "cycling"  and  "limiting" 
(apparently  he  wasn't  overly  intlu- 
enced  by  McPherson!).  1  am  espe- 
cially impressed  with  the  explana- 
tions for  pressure  support  ventilation 
(PSV)  and  mandatory  minute  ventila- 
tion (MMV).  The  chapter  on  mon- 
itoring has  excellent  illustrations  and 
a  decent  explanation  of  capnography 
and  SvO;.  It  is  a  little  light  on  pulse 
oximetry  (no  pun  intended) — but 
who  cares? 

Section  VIII:  New  Horizons  in 
Respiratory  Care — The  first  chapter 
in  this  section  (Health  Education  and 
Health  Promotion.  Chapter  33)  was 
probably  included  for  the  sake  of 
completeness,  which  is  an  educator's 
way  of  saying  that  it's  not  terribly 
important.  Two  other  chapters  in  this 
section  cover  Cardiopulmonary  Reha- 
bilitation and  Respiratory  Home 
Care;  considering  that  treatment  of 
these  subjects  in  the  previous  edition 
was  of  limited  value  (in  my  opinion), 
these  chapters  are  significantly  im- 
proved. And.  finally,  the  author  of  the 
chapter  on  computer  applications 
does  a  nice  job  of  presenting  a  topic 
about  which  most  RCPs  need  to 
know  more. 

Despite  its  shortcomings.  Egan's 
Fundamentals  of  Respiratory  Care 
is  still  a  useful  book  for  students  and 
for  those  who  require  a  refresher  in 
certain  aspects  of  respiratory  care. 
When  it  comes  to  writing  a  general 
textbook  for  respiratory  care,  1  doubt 
it  can  be  done  much  better  than  this 
one. 


Jan  K  Fields  MA  RRT 

Clinical  Coordinator 

Muskegon  Community  College 

Muskegon,  Michigan 
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Wright  and  Haloscale' 
Respirometers 


Since  their  original  introduction,  Wright 
and  Haloscale  Respirometers  from 
Ferraris  Medical  have  set  the  industry 
standards  in  terms  of  absolute  accuracy, 
reliability  and  quality  of  workmanship. 

A  choice  of  ten  models  provides  a  version 
to  suit  every  specific  need  while  seven 
North  American  service  centers  assure  the 
lowest  repair  cost  and  shortest  service  time 
of  any  monitoring  spirometer  available 
today. 

For  more  than  thirty  years  Ferraris 
Medical  has  led  the  industry  in  providing 
the  respiratory  care  practitioner  with 
superior  mechanical  monitoring 
spirometers  in  their  most  compact  and 
portable  form. 
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Ferraris  Medical  Inc. 


P.O.  Box  344,  Holland,  NY  14080 
Phone  800-724-7929     Fax  716-537-9151 


There 's  a  reason 
for  their  reputation. 


Pulmonarv  I'alhoplijsiology — The 
Kssentials.  4ih  edition,  by  John  B 
Wcsi  Ml)  I'hD  DSc.  Soft-cover,  illus- 
trated. 219  pages.  Baltimore:  Wil- 
liams &  Wilkins.  1992.  S26.()0. 

Dr  .John  B  West  has  long  been 
known  as  an  expert  in  the  field  of 
pulmonarN  physiolog\.  Pulmonary 
Pathophysiology — The  Kssentials. 
4th  edition,  is  intended  as  a  compan- 
ion text  to  the  fourth  edition  of  Res- 
piratory Physiology — The  Essen- 
tials, a  classic  discussion  of  respi- 
ratoiA  physiology,  which  is  refer- 
enced throughout  this  text.  In  the 
preface,  he  states  that  the  book  "is 
primarih  intended  for  medical  stu- 
dents in  their  second  and  subsequent 
years.""  His  hope  is  that  his  book  will 
help  bridge  the  gap  between  pre- 
clinical and  clinical  disciplines.  He 
also  states  that  it  "may  prove  useful 
to  .  .  .  phssicians  and  paramedical 
personnel  who  come  into  contact 
with  respirator},  patients. ""  In  this  lat- 
ter group  he  includes  respiratory  ther- 
apists. 

Dr  West"s  attempt  to  cover  pul- 
monary palhoph\siology  brietly  (19."^ 
pages)  assumes  that  the  reader  is 
already  familiar  with  normal  pul- 
monary physiology  and  has  been 
exposed  to  teaching  in  pathology.  He 
also  apparently  assumes  that  the 
reader  has  excellent  reading  skills 
and  a  strong  grasp  of  medical  ter- 
minology. 

The  hook  empiiasi/es  the  lelatioii- 
ship  between  structure  and  function 
ot  the  diseased  lung  and  is  arranged 
into  three  sections.  Section  1.  Lung 
Function  Tests  and  What  They  Mean. 
consists  of  Chapters  1  (Ventilation). 
2  (Gas  Exchange),  and  .^  (Other 
Tests).  Dr  West  does  a  good  job  of 
explaining  the  anatomic  basis  for 
lung  function  tests  ami  lor  inter- 
pretation of  test  results.  Chapter  1 
covers  forced  expiratory  volumes, 
flow-volume  loops,  and  single-breath 
nitrogen  tests.  Chapter  2  covers  blood 
gas  analvsis   and  diffusing  capacity 
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using  the  single-breath  carbon  mon- 
oxide test.  Chapter  3  covers  tests  of 
static  lung  volumes,  lung  elasticity, 
airways  resistance,  \entilatory  re- 
sponse to  CO:  and  hypoxemia,  Po.i, 
exercise  testing,  and  regional  dis- 
tributions of  ventilation  and  per- 
fusion. 

Section  2.  Function  of  the  Dis- 
eased Lung,  consists  of  Chapters  4 
(Obstructive  Diseases),  5  (Restrictive 
Diseases),  6  (Vascular  Diseases),  and 
7  (Environmental  and  Other  Dis- 
eases). I  believe  this  section  is  far 
and  away  the  best  part  of  this  text. 
Each  chapter  focuses  on  the  com- 
monalities of  each  class  of  disease 
with  short  descriptions  of  peculiar- 
ities in  specific  diseases.  This  section 
is  full  of  diagrams,  photographs,  and 
electron  micrographs  that  clearly 
show  the  pathologic  changes  asso- 
ciated with  the  various  classes  of  dis- 
ease. The  chapter  on  obstructive  dis- 
ease is  one  of  the  clearest,  most 
concise  descriptions  of  the  structural 
changes  occurring  with  emphysema, 
bronchitis,  and  asthma  that  1  have 
seen. 

Section  3,  Function  of  the  Failing 
Lung,  consists  of  Chapters  8  (Res- 
piratory Failure),  9  (Oxygen  Ther- 
apy), and  10  (Mechanical  Ventila- 
tion). This  section  deals  with  physio- 
logic principles  of  respiratory  failure 
and  its  chief  modes  of  treatment.  In 
Chapter  8,  there  is  a  reasonable  list- 
ing of  the  patterns  of  blood  gas  val- 
ues encountered  in  respiratory  failure 
and  descriptions  of  its  associated 
hypoxemia,  hypercapnia,  and  acido- 
sis. The  description  of  the  types  of 
respiratory  failure  is  very  brief  as  is 
the  discussion  of  their  management. 
Chapter  9  starts  well  with  a  good 
explanation  of  the  responsiveness  of 
various  causes  of  hypoxemia  to  oxy- 
gen therapy  and  quickly  lists  factors 
other  than  Po:  that  influence  oxygen 
delivery.  The  portion  of  this  chapter 
dealing  with  methods  of  delivery  is 
useless  (in  fact,  the  discussion  of 
venturi    masks    is    inaccurate)    and 


should  probably  be  excluded  in 
future  editions.  CO;  retention  and 
absorption  atelectasis  are  well  cov- 
ered under  hazards  of  oxygen  ther- 
apy, but  oxygen  toxicity  and  retro- 
lental  fibroplasia  are  superficially 
discussed.  In  Chapter  10,  a  great  deal 
of  space  is  wasted  on  an  inadequate 
discussion  of  the  technical  aspects  of 
mechanical  ventilators  and  an  incom- 
plete discussion  of  modes  of  ventila- 
tion (limited  to  IPPV,  PEEP,  CPAP, 
IMV,  and  high  frequency  ventila- 
tion); however,  this  chapter  is  saved 
by  the  discussion  of  the  physiologic 
effects  of  mechanical  ventilation. 
Miscellaneous  hazards  like  pneumo- 
thorax, interstitial  emphysema,  infec- 
tion, arrhythmias,  and  gastrointes- 
tinal bleeding  are  covered  in  10  sen- 
tences. 

The  Appendix  lists  some  common 
symbols  and  gives  a  chart  for  calcu- 
lating normal  pulmonary  function 
values.  A  bibliography  and  related 
texts  is  included  to  assist  the  reader 
in  locating  more  detailed  information 
on  topics  of  interest.  The  book  con- 
cludes with  a  list  of  questions  and 
answers  for  each  chapter  so  the 
reader  can  test  his  comprehension  of 
the  material.  These  questions  are  the 
same  as  in  the  third  edition  except 
that  a  few  have  been  added. 

This  is  a  generally  well-written 
text  by  a  knowledgeable  author.  The 
figures  and  illustrations  tend  to  be 
clear  and  support  the  points  well,  but 
some  of  the  figures  depicting  dis- 
tribution of  blood  flow  and  ventila- 
tion in  various  diseases  are  confusing 
(eg.  Figs.  6.9  and  10.4).  There  are 
remarkably  few  typographical  errors. 
This  book  would  be  of  value  to 
someone  with  strong  reading  skills,  a 
thorough  understanding  of  medical 
terminology,  and  a  good  background 
in  respiratory  physiology. 

This  fourth  edition  is  improved 
over  the  third  edition  and  shows  revi- 
sion throughout  the  text.  Dr  West  has 
included  up-to-date  information  on 
the  pathophysiology  of  the  various 


diseases  and  has  in  general  improved 
the  readability  of  the  text. 

The  main  strength  of  this  text  lies 
in  its  discussion  of  the  pathophys- 
iology of  the  various  diseases.  Its 
main  weakness  is  that  it  covers  too 
much  material  in  too  short  a  space. 
The  chapters  dealing  with  oxygen 
therapy  and  mechanical  ventilators 
detract  from  an  otherwise  fine  book. 

In  conclusion,  1  feel  that  this  book 
meets  its  intended  goal.  1  also  feel 
that  it  could  serve  as  a  useful  review 
of  pulmonary  pathophysiology  for 
practicing  respiratory  care  personnel. 
However,  I  do  not  feel  that  this  text 
is  appropriate  for  students  in  a  res- 
piratory therapy  program  because  it 
requires  too  high  a  comprehension 
level  and  assumes  too  much  back- 
ground knowledge. 

Arthur  A  Taft  MHS  RRT 

Director  of  Clinical  Education 

Respiratory  Therapy  Program 

Medical  College  of  Georgia 

Augusta,  Georgia 


Allen  &  Handburys  Athletic  Drug 
Reference  (pocketbook  edition)  is 
available  for  $4.95  plus  $2.75  post- 
age and  handling  from  Clean  Data 
Inc.  PO  Box  14183,  Durham  NC 
27709-4183.  Checks,  money  orders, 
and  Mastercard  and  Visa  accepted. 

Created  to  raise  awareness  of  drug 
education  programs  and  testing  pol- 
icies of  the  NCAA  and  U.S.  Olympic 
Committee,  the  280-page  handbook 
includes  a  question  and  answer  sec- 
tion and  chapters  on  anabolic  ster- 
iods,  drug  testing  procedures,  and 
alcohol  use. 
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Historical  Notes 


Listening  to  the  Cinest  in  the  1930s 


Auscultation  of  the  Lungs 

In  listening  to  the  lungs,  we  have  two 
methods  at  our  disposal,  immediate  aus- 
cultation which  consists  in  placing  the  ear 
directly  against  the  chest  wall,  and  tnedi- 
ate  auscultation  which  consists  in  listening 
through  a  stethoscope.  While  the  mediate 
method  is  the  method  universally  em- 
ployed, the  student  should  become  famil- 
iar with  the  immediate  method  as  well. 
The  occasion  may  arise  when  the  phy- 
sician through  unforeseen  circumstances 
does  not  have  his  stethoscope  with  him. 
In  examining  babies  or  children  the 
appearance  of  the  stethoscope  may  excite 
the  fear  of  the  patient  who  does  not 
object  to  the  examiner  placing  his  ear 
against  the  chest.  Again,  just  as  the  exam- 
iner always  has  his  fingers  with  him  for 
percussion,  so  he  always  has  his  ears  for 
auscultation. 

Stethoscopes 

The  earliest  type  of  stethoscope  was  the 
monaural  stethoscope  devised  by  Laen- 
nec.  This  stethoscope,  usually  made  of 
wood,  is  1  foot  in  length,  has  a  funnel- 
shaped  enlargement  on  the  end  which  is 
placed  on  the  chest,  and  a  flat  flange  on 
the  end  which  is  applied  to  the  ear  (F"ig. 
200).    This    type    of    stethoscope,    while 


*  These  excerpts  are  from  the  book  Physical  Diagnosis.  3rd 
edition,  by  Ralph  H  Major  MD.  Professor  of  Medicine  at 
The  University  of  Kansas.  The  publisher  was  WB  Saunders 
Company  of  Philadelphia.  The  book  first  appeared  in  1937; 
these  excerpts  were  from  the  edition  printed  in  1948.  Larry 
Boiler  PhD  RRT,  Director  of  Allied  Services  at  The  Monroe 
Clinic.  Monroe.  Wisconsin,  discovered  this  material  and 
made  it  available  to  RF,SPiR,ATORY  Care.  Reprinted  with  the 
permission  of  WB  Saunders  Company. 


Fig.  200.  Application  of  monaural  stethoscope. 

somewhat  of  a  curiosity  in  this  country,  is 
still  extensively  employed  in  European 
clinics,  where  physicians  still  champion  its 
superiority  and  point  to  its  use  for  more 
than  a  century  (Fig.  201).  There  is  no 
question  of  its  value  in  the  hands  of  those 
familiar  with  it.  Most,  if  not  all,  of  the  great 
discoveries  in  auscultation  have  been 
made  with  this  instrument.   Yet  it  is  cer- 


Fig.  201 .  Monaural  stethoscope. 


RESPIRATORY  CARE  •  JUNE  '92  Vol  37  No  6 


635 


HISTORICAL  NOTES 


tainly  less  convenient  to  use  than  the 
binaural  type.  Thoroughly  to  explore  vari- 
ous regions  of  the  chest  with  this  stetho- 
scope sometimes  requires  an  almost  acro- 
batic agility  on  the  part  of  the  examiner. 
The  American  physician  usually  complains 
that  with  the  monaural  stethoscope  he 
hears  too  little,  to  which  his  Continental 
colleague  retorts  that  with  a  binaural  steth- 
oscope he  hears  too  much  .... 

Mippocratic  Succussion 

This  classical  sign  was  first  described  by 
Hippocrates'  in  empyema.  "Set  the  patient 
on  a  stool,  which  is  not  wobbly,  someone 
should  hold  his  hands,  then  shake  him  by 
the  shoulders  and  listen  to  see  on  which 
side  a  noise  is  heard."  (Fig.  217). 

Laennec  was  the  first  to  recognize  that 
Hippocratic  succussion  is  due  to  the  pres- 
ence of  both  air  and  fluid  in  the  chest  and 
to  point  out,  that  even  a  large  amount  of 
fluid  in  the  chest  produces  no  splashing 
sound,  when  the  patient  is  shaken,  unless 
there  is  also  air  present.  Air  is  necessary 
to  produce  a  splashing  sound.  A  bottle  full 
of  water  can  be  shaken  violently  without 
the  production  of  a  splashing  sound,  a  bot- 
tle half-filled  with  water  gives  a  splashing 
sound  when  agitated  violently. 


*Editor's  Note:  Hippocrates  li\ccl  around  600  BC. 


Fig.  217.  Hippocratic  succussion. 

This  splashing  sound  is  often  heard  by 
the  patient  when  he  walks  or  climbs  stairs. 
At  other  times  he  feels  the  displacement 
of  the  fluid  caused  by  change  in  posture. 
Morgagni  described  a  patient  who  "said 
that  when  she  moved  her  chest  she  felt  a 
splashing  within." 

The  succussion  is  best  elicited  by  fol- 
lowing the  ancient  method  of  Hippo- 
crates, shaking  the  patient  by  the  shoul- 
ders and  listening  with  the  ear  or  stetho- 
scope against  the  chest.  The  splashing 
sound  caused  by  disturbing  the  level  of 
fluid  is  easily  heard. 


Edilor's  note:  This  Historical  Notes  article  was  originally  published  in  March 
1 992:  however,  due  to  a  production  error,  the  figures  were  oniilted. 

We  regret  the  error. 
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Not-Cor-profii  organi/alions  are  offered  a  free  advcrtisemeni  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of 
Events  in  RESPIRATORY  C\\n-  Ads  for  other  meetinjis  are  prieed  ai  $3. SO  per  line  and  require  an  insertion  order.  Deadline  is  ihe 
2()th  of  the  month  two  months  preceding  the  month  )ou  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to:  Calendar  of  Events. 
RbSPIRATORY  CAKt.  I  \{)M)  Abies  Lane  •  Dallas  TX  75224-43^3, 


Calendar 
of  Events 


AARC  &  AFFILIATES 

June  16-18  in  Scottsdale,  Arizona.  The  ASRC  holds 
its  Annual  Seminar,  "Summer  Mirage  '92,"  at  the 
Wyndham  Paradise  Valley  Resort.  Featured  topics 
include  RSV.  COPD:  Past  and  Future.  New  Advances 
in  Cardiovascular  Care,  and  Waveform  Analysis  for 
Appropriate  Ventilator  Adjustment.  AARC  Director 
of  Government  Affairs  Cheryl  Brown  will  give  a  spe- 
cial presentation  on  home  health  issues  and  CLIA 
"88.  Also  featured  are  more  than  60  vendor  exhibits. 
Sputum  Bowl  competitions,  and  two  nights  of  enter- 
tainment. Contact  Sue  Meckert.  PO  Box  34344,  Phoe- 
nix AZ  85067-4344:  (602)  285-3230. 

June  25-27  in  San  Diego.  California.  The  CSRC 

ht)lds  its  24th  Annual  Convention  at  the  Sheraton 
Harbor  Island  Hotel.  The  meeting  features  over  100 
exhibitors.  Sputum  Bowl  competition,  and  a  dance. 
Contact  John  Bigler  (805)  298-4010. 

July  9  AARC  Videoconference.  The  AARC.  in  con- 
junction with  VHA  Satellite  Network,  presents  "Pul- 
monary Rehabilitation,"  one  in  a  series  of  live  sat- 
ellite videoconferences  titled  "Professor's  Rounds  in 
Respiratory  Care."  Featured  presenters  are  Drs  Barry 
Make  and  David  J  Pierson.  Site  registration  for  entire 
staff  is  $245  for  AARC  members.  Call  (214)  830- 
0061. 

July    15-17    in    San    Antonio,    Texas.   The   TSRC 

presents  its  Annual  Convention  and  Trade  Show, 
"Kaleidoscope  of  Quality."  Featured  speakers  include 
Sam  Giordano.  Dean  Hess,  Robert  Demers,  Robert 
Kacmarek,  and  Neil  Maclntyre.  Social  events  include 
a  barbecue,  3-K  fun  run,  dances,  and  an  awards  cer- 
emony. Contact  the  TSRC  Executive  Office  at  (214) 
680-2454. 

July  24-26  in  Naples,  Florida.  The  AARC's  Sum 

mer  Forum,  featuring  education  and  management  pro- 
grams, held  at  the  Registry  Resort.  For  details,  refer 
to  the  special  Summer  Forum  Program  in  the  April 
AARC  Times  or  call  (214)  243-2272. 


August  27  in  Sacramento,  California.  The  CSRC, 

Chapter  11,  presents  its  Annual  Seminar,  "Tools  of 
the  Trade,"  in  conjunction  with  the  California  Slate 
Fair.  The  seminar,  admission  to  the  fair,  dinner  at  the 
fair's  VIP  tent,  and  California  wine  tasting  are 
included  in  the  admission  price.  Contact  Marie  Kear- 
ney (916)  441-7626  or  Mark  Goldstein  (916)  933- 
3469. 

October  14  in  Auckland,  New  Zealand.  The 
NZSRC  presents  its  Annual  Scientific  Meeting  at  the 
Aotea  Centre.  The  meeting  precedes  the  Australian- 
New  Zealand  Intensive  Care  Society  Conference. 
Contact  Graeme  A'Court,  PO  Box  10148,  Balmoral, 
Auckland,  New  Zealand.  (643)  640640. 

OTHER  MEETINGS 

June  18-19  in  Des  Moines,  Iowa.  The  Respiratory 
Care  Departments  of  Iowa  Methodist  Medical  Center 
and  Mercy  Hospital  Medical  Center  present  the  3rd 
Annual  Respiratory  Seminar.  Topics  include  legal 
issues,  ventilator  management,  post-anesthesia  con- 
cerns, and  updates  on  airway  clearance.  Contact 
Delite  Lester,  Mercy  Hospital  Medical  Center.  (515) 
247-4197. 

July  29-31  in  Salt  Lake  City,  Utah.  The  Rocky 
Mountain  Center  for  Occupational  and  Environmental 
Health  presents  "Training  for  Pulmonary  Function 
Testing,"  a  2  1/2  day  course  for  personnel  involved  in 
the  performance  and  intei-pretation  of  screening  spi- 
rometry. Call  (801)  581-5710,  or  write  Program  Coor- 
dinator, Rocky  Mountain  Center  for  Occupational  and 
Environmental  Health,  Building  512.  University  of 
Utah,  Salt  Lake  City  UT  841 12. 

September  6-13  on  a  Caribbean  Cruise.  Dream 
Cruises  presents  its  6th  Annual  Labor  Day  Cruise, 
"Sea  No  Evil."  Ports  of  call  include  Miami,  Nassau, 
Blue  Island,  San  Juan.  St  John,  and  St  Thomas.  Start- 
ing price  with  air  is  $925  per  person/double  occu- 
pancy. Contact  Kathy  Kearney  at  10882  La  Dona 
Ave,  Garden  Grove  CA  92640.  (800)  462-3628  or 
(714)636-6660. 
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Notices 


Notices  of  ctunpctilions.  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  6((  days  betba'  the  desired  month  of  publication  (January'  I  for  the  March 
issue.  February  I  for  the  April  issue,  etc),  include  all  penincnl  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept. 
1 10.10  Abies  Une.  Dallas  TX  75229-4593. 


The  American  Respiratory  Care  Foundation  Awards  for  1992 

Funded  by  Allen  &  Hanburys 

1.  $2,000  tor  the  best  original  paper  (study,  evaluation,  or  case  report)  accepted  for  publication  from  DecL-mber  1991 
through  October  1992.  This  award  is  not  limited  to  papers  based  on  OPtN  FORL'M  presentations. 

2  Four  awards  of  51,000  each  for  papers  accepted  for  publication  from  November  1991  through  October  1992  based  on 
any  OPF.N  FORUM  presentation  (not  limited  to  1991  OPEN  FORL'M). 

3.  Five  awards  of  $500  each  foi  the  best  papers  suhmittcd  (not  necessarily  published)  by  1992  OPEN  FORUM  participants 
who  ha\c  'ncxer  published"  in  ihc  Journal.  The  neser-ptiblished  first  author  must  present  the  abstract  at  the  Annual 
Meeting  and  must  submit  a  paper  based  on  the  abstract  before  the  1992  Annual  Meeting  [received  in  the  Hdilorial  Office 
by  November  1,  1992).  Co-authors  may  have  previously  published  m  Rl.SPIR.MOKY  Care. 

Funded  by  Radiometer  America 

Three  awards  of  S333  each  are  to  be  awarded  to  the  authors  of  the  three  best  features  from  Test  Your  Radiologic  Skill, 
Blood  Gas  Corner,  and  PPT  Corner  accepted  for  publication  from  November  1991  through  October  1992.  .All  three  (or 
none)  of  the  features  may  be  chosen  from  a  specific  category  (eg,  all  three  may  be  chosen  from  Blood  Gas  Comer). 

Registration  Reimbursement 

As  in  the  past,  anv  1992  Open  Fori  m  presenter  (or  co-author  designee)  will  receive  complimentar\  registration  for  an 
adequately  prepared  paper  based  on  his  1992  Open  Forl^M  abstract,  submitted  prior  to  or  at  the  1992  .Annual  Meeting. 

All  awards  will  be  made  at  the  1992  Annual  Meeting.  Papers  are  judged  automatically.  So  application  is  necessary. 


THE  NATIONAL  BOARD  FOR  RFSPIRA TOR^ 

(ARK— 1992  F.xamination  and  Fee 

Schedule 

CRTT  Examination 

Fee  Schedule 
Entry  Level  CRTT — new  applicant: 

$  90.00 

EXAMINATION  DATE:                                                          JULY  18,  1992 

Entry  Level  CRTT— reapplicant: 

$60.00 

Applications  Accepted  Begmning:                                                 March  1.  1992 

RRT  Written  and  Clinical  Simulation — 

Applicalu>n  Deadline;                                                                    May  1.  1992 

new  applicant: 

$190.00 

EXAMINATION  DATE:                                                 NOVEMBER  14.  1992 

Wnllen  Registry  Only— new  applicant: 

$90.00 

.Applications  Accepted  Beginning:                                                 July  1.  1992 

Wrilten  Registry  Only— reapplicant: 

$60.00 

Application  Deadline:                                                               September  1.  1992 

Clinical  Simulation  Only  new  and  reapplicant 
Entry  Level  CPFT  new  applicant: 

$100.00 
$100.00 

RK  1   I'Aaiiiinatinii 

Entry  Level  CPFT— reapplicant: 
Advanced  RPFT— new  applicant: 

$80.00 
$150.00 

EXAMINATION  DATE:                                                DECEMBER  5.  1992 

Advanced  RPFT— reapplicant: 

$130.00 

Applications  Accepted  Beginning:                                                June  1.  1992 

.Application  Deadline:                                                                August  1.  1992 

\cti»i' 

Inactive 

CRTT  Rccrcdcntialing: 

$25.00 

$60.00 

RRT  Rccrcdcntialing: 

RPFT  F.xaminalion 

Written  Registry  Examination 

$25.00 

S  60.00 

EXAMINATION  DATE:                                                DECEMBER  5.  1992 

Clinical  Simulation  Examination 

$65.(K) 

$100.00 

Applications  Accepted  Beginning:                                                 July  1.  1992 

CPFT  Recredentialing: 

$25.00 

$80.00 

Application  Deadline:                                                           September  1.  1992 

RPFT  Recredentialing: 

$25.00 

$130.00 

P/P  SPEC: 

$25.00 

$1.30.00 

Membership  Renewal:  CRTT/RRT/C  PF  1  /RPFT 

$  12.00 

8310  Neiman  Road  •  Lenexa, 

Kansas  66214  •  (913)  599-4200 
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Need  advanced  ventilators 
but  don^t  have  the  budget? 

Take  the  strain  out  of  dollar  constraints  with  BEAR    Ventilator  upgrades. 
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We're  a  group  of  authorized  independent  medical  dealers 
specializing  in  BEAR  Ventilators.  Our  service  departments 
are  now  ready  with  two  new  factory  upgrades  priced  to  please 
your  administration. 

BEAR  1  to  BEAR  3...  and  BEAR  2  to  BEAR  3  Upgrades 

•  A  genuine  factory  upgrade  for  a  fraction  of 
the  new  unit  price! 

•  Includes  advanced  pressure  support  sytem, 
new  one-year  warranty. 

•  Proven  performance  now  upgraded  to  help 
you  manage  still  more  patients. 

BEAR  CUB®  to  BEAR  CUB  2  Upgrade 

•  A  full  factory  upgrade  at  a  surprisingly  low 
price. 

•  Includes  neonatal  volume  monitoring,  SIMV, 
assist/control,  and  a  new  one-year  warranty. 

•  Long  the  standard  for  infants  now  upgraded 
to  a  new  standard! 

Don't  have  a  BEAR  1  or  BEAR  CUB 
Ventilator?  We  can  help  you,  too! 

Often  we  can  obtain  these  popular  ventila- 
tors as  trade-ins  and  assemble  the  upgrades 
into  complete,  low  cost  packages  for  you.  We 
can  even  schedule  your  local  Bear  represen- 
tative to  inservice  your  upgraded  ventilators. 

Act  now! 

This  offer  is  good  throughout  the  U.S.  and 
Canada...  but  for  a  limited  time  only. 
Call  1-800-366-2327,  ext.  4880  in  the  U.S. 
or  1-416-949-5444  in  Canada  for  more 
information. 


BEAR®  and  BEAR  CUB®  are  registered  trademarks  of 
Bear  Medical  Systems.  Inc. 


Mountain  Airgas  Medical  METROPOLITAN  MEDICAL  SYSTEMS 

dba  UTAH  WELDERS  SUPPLY  2 1 9  Richmond  Avenue 

3415  South  700  West  New  Milford,  NJ  07646 
Salt  Lake  City,  UT  84110 


A.R.S.  VitalAire 

839  Central  Parkway  West 

Mississauga,  Ontario  L5C  2V9 


MODERN  MEDICAL  SYSTEMS,  INC. 
1655  Jericho  Turnpike 
New  Hyde  Park,  NY    11040 


EASTERN  ANESTHESIA,  INC. 
3 1  Friends  Lane  ^ 

Post  Office  Box  739 
Newtown,  PA   18940 

MEDICAL  SPECIALTIES,  INC. 
254  St.  George  Avenue 
New  Orleans,  LA   70121 
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pediatric  Voldyne®  ^RHHyne  2500  •  Voldyne  5000. 
-  NEW  advanced  filter  design ... 

for  the  lowest  imposed  work  of  breathing 
of  any  volumetric  exercisers.* 

Fdf  more  information  contact  your  Sherwood  O.R.  /  Critical  Care  Representative  or  call 
f  1-800-325-7472. 

'Data  on  file  at  Sherwood  Medical. 
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